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AN ACT providing for the public printing and binding and distribution of public documents.
* * * * * * *

Section 73, paragraph 2:

The Annual Report of the Secretary of Agriculture shall hereafter be submitted
and printed in two parts, as follows : Part one, which shall contain purely busi-
ness and executive matter which it is necessary for the Secretary to submit to the
President and Congress; part two, which shall contain such reports from the
different bureaus and divisions, and such papers prepared by their special agents,
accompanied by suitable illustrations, as shall, in the opinion of the Secretary, be
specially suited to interest and instruct the farmers of the country, and to include
a general report of the operations of the Department for their information. There
shall be printed of part one, one thousand copies for the Senate, two thousand
copies for the House, and three thousand copies for the Department of Agriculture;
and of part two, one hundred and ten thousand copies for the use of the Senate,
three hundred and sixty thousand copies for the use of the House of Representa-
tives, and thirty thousand copies for the use of the Department of Agriculture,
the illustrations for the same to be executed under the supervision of the Public
Printer, in accordance with directions of the Joint Committee on Printing, said
illustrations to be subject to the approval of the Secretary of Agriculture; and
the title of each of the said parts shall be such as to show that such part is com-
plete in itself.
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PREFACE.

Under date July 14, 1897, the Secretary of Agriculture, in calling
upon the chiefs of bureaus, divisions, and offices of the Department
of Agriculture for contributions to the Yearbook of the Department
for 1897, used the following language:

It is my earnest wish that the Yearbook shall be of such a popular character
and of such value to practical agriculture as to justify the enormous edition
issued by Congress. Every one contributing to it should be fully impressed with
the fact that every page contained in the Yearbook costs the country $500, and is
designed to be distributed to half a million persons. As the reputation of the
Department is assuredly a matter of pride to every one of its officers and scientific
workers, I feel confident of the hearty cooperation of each one of you in making
this book the best book of its kind ever issued. As soon as the subjects upon
which you propose to submit papers are presented to me for consideration, I shall
indicate which of them will be acceptable, that the work of preparation may be
undertaken as promptly ds possible.

The editing of the Yearbook for 1897 will be confided, as in the case of the other
publications of the Department, to the Chief of the Division of Publications, under
the personal direction of the Secretary.

This expression by the head of the Department affords a clew to
the principles which have controlled the preparation of the Year-
book. Moreover, from the titles of the articles submitted by the
several chiefs as available, the Secretary of Agriculture himself made
the selection. In addition to the miscellaneous articles thus selected,
the Secretary called upon each chief in charge of a special branch of
the Department work not purely administrative for an article setting
forth the character of the work done by him for the farmer. The
precise nature of the article desired is indicated in the Secretary s call
as follows

*® * * * in addition to such other suitable articles as may be
necessary, the forthcoming Yearbook, 1897, should contain an article from each
chief of bureau, division, and office outside of those that are purely administra-
tive, which shall set forth in plain terms the relation of the work of his burean,
division, or office to the farmer. The existence of the Department is justified
precisely so far as it aids the farmer to be a successful farmer, and my desire is

that the article called for should present clearly to the reader just how the
division of the work in your charge achieves that purpose. % * * %

Thus it will be seen that the Yearbook for 1897 has been con-
structed on lines laid down by the present head of the Department.
The practical carrying out of the work as thus outlined has called

for a subdivision of the book into four main parts. The first, as
: 3
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usual, consists of the annual report of the Secretary of Agriculture
for the fiscal year 1897, and its publication fills the requirement of
the law (see paragraph on page 2) that the Yearbook shall ‘“‘include
a general report of the operations of the Department.”

The second part contains the papers setting forth the work of the
several bureaus and divisions and bears the general title ‘“Work of
the Department for the Farmer.”

In the papers in this second part considerable diversity is shown,
the several chiefs differing widely in the manner of presenting the
nature of the relation of their branch of the work to the farmer, but
the majority incline to an historical account of the division itself.
By direction, considerable latitude was allowed to each chief in telling
his story, hence the variety of forms referred to; but those who are
interested in knowing what service the Department undertakes to
render to the farmers of this country,and the methods by which it
seeks to accomplish it, will certainly find this information here.

The miscellaneous papers in the third part, eighteen in number,
were, with a single exception, prepared by the chiefs of the bureaus
and divisions and their expert assistants. This part fairly illustrates
the extent and variety of the scientific work-and, with the account
given in the second part of the character of the work undertaken,
should serve to remove the not infrequently incorrect impression con-
veyed as to the nature of the duties devolving upon the scientific
staff of the Department, owing no doubt to the inappropriate title of
‘¢ Chief of Division” by which most of those composing it are officially
designated. )

The fourth part, the ‘‘ Appendix,” contains information which
should be available to every farmer and which is of value to all who
are interested, even indirectly, in agriculture. Beginning with an
extended presentation of the organization of the Department, a list
of the agricultural colleges and stations in the several States, and a
list of the Department publications for the year, it includes data on
feeding, fertilizers, fungicides, a list of one hundred of the most val-
uable trees in the United States, with their characteristics and uses
and their preferred environment; tables showing the number and
value of farm animals, the acreage and value of the principal crops,
the imports and exports of agricultural products, transportation
rates, and a record of the weather condition throughout the year.
The several bureaus, divisions, and offices of the Department have
been drawn upon to supply this collection of agricultural facts, and
it has not been found necessary or feasible to credit each particular
one with every item contributed by it, exeépt in case of statistical
tables and meteorological information, the authority for which it has
been deemed best to indicate.

GEo. WM. HILL,
Editor Yearbook.
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YEARBOOK

OF THE

U. 8. DEPARTMENT OF AGRICULTURE.

REPORT OF THE SECRETARY.

To THE PRESIDENT: ‘

The Secretary of Agriculture has the honor to submit his annual
report of the work of the Department for the fiscal year ending June -
30, 1897.

OBJECTS OF THE DEPARTMENT.

The Department of Agriculture was organized to help farmers to a
better knowledge of production and its tendencies at home and abroad,
80 as to enable them to intelligently meet the requirements of home
and foreign markets for material that may be profitably grown or
manufactured on American farms. It was also intended that the
Department should organize a comprehensive system of means by
which the sciences that relate to agriculture should become familiar
as household words among our farmers.

SCOPE OF THE DEPARTMENT WORK.

The endowment of agricultural colleges by Congress in 1862 and the
appropriations for experiment stations in 1887, for education in agri-
culture and for supplying correct information to farmers along the
lines of their life work, are probably the most effective and far-reach-
ing ever devised by the government of any people. Cultivators are
becoming more familiar with the soils they manipulate and the cli-
 mates of their respective localities, the plants adapted to their condi-
tions, and the live stock that those conditions will best develop. The
work done’ in each State along lines of agricultural investigation by
experiment stations is to some extent local in its character, while
much of it has general application. The Department of Agriculture
designs giving wide circulation to everything of general interest, so
that the farmers of all the States and Territories may get the benefit

of good work done in each State.
9
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ANIMAL PRODUCTS AND FOREIGN MARKETS.

The science of dairying is spreading from the agricultural college
centers, resulting in greatly increased and improved production. The
Department of Agriculture is seeking markets in foreign countries by
making their people familiar with the superiority of our goods.

‘We produce meats of superior quality more cheaply than any other
nation can put them on the world’s market, owing to the cheapness
of our grains and grasses. The State experiment stations are giving
feeders information regarding the best methods of nutrition, which
will result in more economic practices. The Department of Agricul-
ture inspects live animals and dressed meats for export and certifies
to their freedom from disease, supervises their condition through
agents in foreign markets, and is the advocate of exporters where

discriminations are laid upon the movement of live stock and meats - =

in foreign countries. The Department will in the future endeavor to

help producers to find markets for surplus productions, by getting

and spreading information concerning them and concerning what for-
eign markets require.

EXPERIMENTS WITH SUGAR BEETS.

The Government spends money freely in distributing seeds and
plants among the people. The policy of the Department of Agri-
culture’in the future will be to encourage the introduction of what
will enable our people to diversify their crops and keep at home
money that is now sent abroad to buy what the Unifed States should
produce.

Seven tons of imported sugar-beet seeds were distributed last spring
in 27 States, among 22,000 farmers, through the experiment stations of
those States, to ascertain where the sweetest beets can be produced.
Samples are now being analyzed.at the experiment stations, and
where they are not prepared to do the work the beets are forwarded
to the laboratory of the Department at Washington. There is abun-
dant encouragement to lead us to conclude that our country will
within a few years produce what sugar it requires. The Department
will collect all the facts regarding the work of this season and publish
them for general distribution. The pioneer work will be pushed ener-
getically during the next year.

OPPORTUNITIES FOR NEW INDUSTRIES.

The United States paid $382,000,000 the last fiscal year for sugar,
hides, fruits, wines, animals, rice, flax, hemp, cheese, wheat, barley,
beans, eggs, tea, etc., $6,000,000 for chicory, castor beans, lavender,
licorice, opium poppy, sumae, ete., and $2,000,000 for bulbs, nearly
all of which could be grown and prepared for use at home. The
Department of Agriculture will encourage the growing of these arti-



REPORT OF THE SECRETARY. 11

cles by the introduction of seeds and by sending out Farmers’ Bulle-
tins giving information concerning them.

An American farmer can grow horses as cheaply as he can grow
cattle; we have a heavy and profitable export trade in cattle, and
may have an export trade equally heavy and profitable in horses.
The Department is gathering facts regarding our horse industry at
home and the requirements of purchasers abroad, so that our farmers
may learn what foreign buyers demand.

ADVANCE IN SEED DISTRIBUTION.

‘We are endeavoring to get information from foreign countries with
which we compete in the markets of the world regarding crops and
prices. We are also taking steps to ascertain what crops are grown
on different thermal lines, so that seeds and plants may be intelli-
gently brought to this country to assist in the diversification of our
" erops and add to their variety. Agents are sent into foreign coun-
tries to make selections suitable to our various latitudes. All this
work is done at a disadvantage and at considerable expense, which
limits seed and plant importation. A scientist has been appointed in
the Department to have charge of seed and plant importation. He
will correspond with American representatives abroad, with scientific
associations, investigators, seed houses, and the like, so as to get
information concerning plant life in different latitudes and along the
life zones that control plant growth. The Department requires the
history as regards soil, climate, and antecedents of every seed or plant
it imports. This is very difficult to get in many cases. - None of the
countries of the Eastern Hemisphere have a corps of scientists in every
locality as the United States has. .Our country has profited by intro-
ducing new seeds and plants, but much of this work has been done
in the dark.

NEED OF QUALIFIED AGENTS IN FOREIGN COUNTRIES.

There is a necessity in every foreign country to which we send repre-
sentatives for American agents who have been educated in the sciences
relating to agriculture. The agricultural colleges endowed by Con-
gress are educating men along theselines. Such men can now be had
who are competent to report intelligently on the productions of coun-
tries where man has lived by tilling the soil for thousands of years,
and they could keep the farmers of the United States informed
regarding crops, markets, and their tendencies much more accurately
than agents not scientifically educated.

GRASSES AND FORAGE PLANTS.

Mu'c_h of our country is comparatively new; few of oui' native
grasses or legumes thrive in connection with systems of rotation that
are necessary to maintain fertility. They are fast disappearing as
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grazing and cultivation are adopted. It is a task worthy a nation’s
effort to replace them with grasses that form sod and replenish the
soil with humus or legumes that fix free nitrogen in the soil and that
provide the most valuable part of animal food. Both considerations
demand the attention of the Department of Agriculture, and efforts
have been made during the past season to procure suitable grasses
and legumes from the semiarid countries of Asia, through agents of
the Department, for trial in the Western and Southwestern sections of
our country.

THE DEPARTMENT SCIENTISTS AND THEIR WORK.

The Department has a thoroughly competent corps of scientists
occupying places in the front ranks of their specialties, conducting
research into all fields of inquiry where practical farmers need their
help. They cooperate with the scientists of the several experiment
stations in investigations of more than local interest, and keep in touch
with observers and experimenters throughout the United States and
in foreign countries. Reports of their work are distributed as the
secrets of nature influencing agricultural production are revealed.

THE WORLD’S MARKETS FOR FARMERS.

The markets of the world are now in close, sympathetic touch. Their
sources of supply are affected by the weather, by insect depredations,
by military commotions, by transportation facilities,-and by the intel-
ligence of producers. The Departmentof Agricultureintends, through
its bureaus, offices, and divisions, to carry information to the home
of every farmer, and thus enable him to direct his efforts intelligently
as changing conditions suggest.

EXPERIMENTAL EXPORTS OF BUTTER.

Early in the year it became apparent that a considerable surplus
of butter of the higher grades would appear in our domestic markets.
This had never before occurred, and it was plain that if such a condi-
tion prevailed for any length of time the price of fine butter would
decline; and should this happen with the best quality, values would
be depressed through all grades of this commodity. Before mid-
summer the best of creamery butter was offered in almost unlimited
quantities in our largest markets at a prico lower than ever known
(14 and 15 cents), and no material change occurred for several weeks.
I therefore decided to make a series of experimental exports of fine
American butter, for the purpose of promoting an increased foreign
demand for this article, and in order to get more exact information as
to facts and conditions attending such exports than was otherwise
obtainable. '
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GROWTH AND CONDITION OF OUR BUTTER TRADE ABROAD.

* The export of butter from this country is nothing new. It began
even as early as the year 1747, and exceeded 1,000,000 pounds annu-
ally a hundred years ago. Then it increased to 35,000,000 pounds in
1863, and, dropping to 2,000,000 in 1870, rose to almost 40,000,000
in 1880. Since that time the quantity exported has been as low as
5,000,000 pounds a year (1894) and as high as 31,000,000, the latter
for the fiscal year ending June 30, 1897. New York City reports, for
the commercial years ending with May, butter exports of 643,000
packages (about 60 pounds each) for 1880, 292,000 for 1890, 24,000
for 1895, 199,000 for 1896, and 320,000 for 1897. Since May 1, 1897,
the exports from New York have been about 12 per cent greater than
for the same months in 1896; but prior to the last year or two the.
butter exported was of low grade as a rule, and made not so much
with a view to establishing a regular trade as to take advantage of
special and transient conditions of the markets at home and abroad,
and to make profits on these occasional business ventures. The result
has been to give foreign merchants, especially in Great Britain, the
impression that the butter of this country was poor in quality, and
that no regular supply could be depended upon. )

TESTING THE LONDON BUTTER MARKET.

Shipments of butter were therefore begun early in the season, under
the supervision of the dairy division, and have since been continued
at intervals of three or four weeks. The butter has been obtained
from selected creameries in the leading dairy States, prepared with
special reference to the ascertained requirements of foreign buyers,
and thus far all has been consigned to a representative of the Depart-
ment at London. It has been disposed of under his supervision,
special efforts being made to test the demands of the London market
and obtain the opinions of wholesale dealers, tradesmen, and con-
sumers as to the merits of the butter thus sold and its relative posi-
tion, present and prospective, in that market.

IMPROVEMENTS IN TRANSPORTATION OF BUTTER.

Much attention has also been given to the matter of transportation,
with a view to shortening the time, improving the accommodations, and
avoiding detentions and exposures, so as to make the conditions as
nearly perfect as possible all along the line, from the producer, per-
haps in our far West, to the consumer in England or on the continent
of Europe. It was at first found that although satisfactory facilities
were provided by refrigerator cars and quick transit while on the rail,
and by cold compartments on the steamships while at sea, there were
points of necessary transfer where delays occurred, with the butter
often exposed to high temperatures and the packages marred and
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injured by careless handling. Serious detentions at interior points of
transfer and hours of needless exposure upon platferms and in ter-
minal sheds at New York and other points have been located and
arrangements made for preventing them. The railroads of this coun-
try and the special transportation lines operating over them appre-
ciate the necessities of the case, and are prepared to perfect their
arrangements for receiving butter in all the large producing districts
and delivering it unimpaired to vessels at any suitable port to any
extent demanded by the development of this traffic.

COLD STORAGE OF BUTTER ON STEAMERS.

Suitable accommodations for cold storage of butter on ocean steamers
were very imperfect and uncertain prior to the present year, and are
not yet satisfactory at all points. But refrigerators have been avail-
able at New York almost every week during this season, and it is now
evident that the demands of trade in this respect will bemet sufficiently
at that point and promptly provided for at other ports on the Atlan-
tic and also on the Gulf. (These important provisions will apply as
well to other perishable farm products, and encourage the extension of
markets in that direction also.) At English ports there has been much
complaint of detention and careless handling. An agent of the Depart-
ment has given particular attention to this subject at Southampton,
and reports the conditions there as much improved. A good deal
remains to be done, however, to secure satisfactory facilities for
transfer and prompt forwarding of butter and similar merchandise at
those ports and proper accommodations on the freight trains to the’
interior markets of Great Britain. Refrigerator cars, such as are in
common use all over this country, are as yet practically unknown in
England.

BETTER REPUTATION FOR AMERICAN BUTTER.

The shipments made have served the double purpose of securing
useful information for those of our own people, whether producers or
dealers, who wish to sell abroad, and of aiding to establish a better
reputation for butter from the United States among prospective cus-
tomers. Leading English merchants have been thus convinced, as
never before, of the excellence of butter obtainable in this country
and the feasibility of delivering it fresh and unimpaired to British
buyers.

- In the endeavor to have all the butter included in these trials
plainly marked and made known as the product of the United States,
and thus presented to the English consumer, extraordinary prejudice
has been met in London at every point. Merchants insisted that no
-good butter could come from America, made various unjust and absurd
criticisms of the butter offered them, and even when convinced of its
merits, against their will, they offered to pay much less for it than
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they gave for butter of no better quality from other countries and
sourees of supply. Once in the hands of the trade, our butter was
repeatedly sold as English, Canadian, or Australian, and special efforts
were required to get any of it into the hands of consumers, under its
true name, through the usual commercial channels.

. FACTS ABOUT AMERICAN BUTTER.

It is too early now to formulate all the lessons taught by these
experimental exports, but certain facts have been already determined.
Butter from the most remote creamery districts of the United States,
when properly made, can be so transported as to be delivered in prime
condition to consumers in England or on the continent of Europe
fifteen or twenty days after making. The quality of selected Amer-
ican butteris quite equal to the best offered in London from any other.
country, although our supply, as a whole, is not so uniform in char-
acter as that from some other sources, notably Denmark. Despite
allegations to the contrary, the butter exported by the Department
has been proved to contain less water and a greater proportion of
pure butter fat than any butter for sale in the London market.

The products of the United States and of Denmark have been found
to be the only absolutely pure butter imported into England; all
others, including the produect of British colonies, contain more or less
injurious ingredients, used as preservatives. Notwithstanding the
prejudices of London merchants, and the maintenance of compara-
tively low quotations for ‘“States” butter, the creamery product of
this country is now commonly refailed at the highest market price, on a
perfect equality with the best English, Danish, and French butters.
And English customers are so well pleased that, whether knowing it
to be American butter or not, they frequently make special efforts to
get more of that particular kind, and are disappointed on finding the
supply to be insufficient and uncertain. The retail price obtained for
butter exported by the Department during the summer has been from
24 to 28 cents per pound.

BUTTER PACKAGES FOR THE LONDON MARKET.

The London market objects to salted. butter in small packages.
There are indications that with some effort print butter and small pack-
ages for family trade might be suecessfully introduced, especially in
the suburbs of the eity. But consumers, as a rule, buy in small quan-
tities, often daily, and prefer o see the quantity they want eut from a
large body, like the contents of a box or tub, weighing 50 pounds or
more. For this reason mainly the retfailers, and eonsequently the
larger merchants, demand large packages, and decidedly fawor,
because of convenience, the cubical box of 56 pounds, or a half hun-
dredweight, known as the Australian package. Nevertheless, butter
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of established reputation sells in London, as elsewhere, at the best
market rates, with little regard to the form of package. The best
Danish butter, which still holds first place in English markets, is
always found in kegs or firkins of different and irregular sizes. And
although when the Department sent over early in the season exactly
the same butter in boxes and tubs, the former sold for a cent or two
more per pound than the latter, subsequently, upon recognition of
the quality of the article, the offerings made by the Department, in
boxes and tubs, sold at the same price.

COLOR AND FLAVOR OF BUTTER. \

English markets seem to differ as much as those in America in the
matter of taste as to the degree of color and salt in butter. It is an
easy matter to provide for meeting the requirements of any locality or
market in these respects. At present London buyers want butter of
a light lemon or straw color, even less yellow than our natural June
grass butter, and lightly salted, having, in the finished product, about
one-third of an ounce to the pound, or 2 per cent, of salt. A mild and
even flat flavor seems to be preferred to the quicker and more decided
flavors so highly esteemed in this country.

CONDITIONS AFFECTING EXPORTS OF BUTTER.

From the present outlook, the whole matter of future foreign mar-
kets for American butter depends upon the question of price. Eng-
lish merchants are rapidly learning, and those of other countries can
be similarly taught, that they can get all the butter they want from
the United States, and of a quality unsurpassed, if they will pay
enough forit. But the supply of fine butter in this countryis irregular
in quantity and our home demand fluctuates, so that the highest
grades are at times obtainable at prices which offer a tempting margin
for export, and a few months later the same grade of butter sells for
about as much in Chicago and New York as it would in London.
While these uncertain conditions exist, no regular export trade of
importance is likely to be established. Neither merchants nor con-
sumers like change of kind in their supply of butter. A reliable
supply of uniform quality is an essential condition to a regular trade.
It costs 2 or 3 cents a pound, and 'sometimes more, to carry butter
from an American creamery and sell it in Livérpool or London.

A comparison of market quotations in England and the United
States month by month will show that at times there are strong
inducements for exporting butter and none at all at other times. In
July last the wholesale price of the best ereamery butter in New York
was 15 cents, while at the same time butter of equal quality was worth
20 to 21 cents in London. From that time to the present writing but-
ter has advanced over 50 per cent in value in this country, while in
London the advance during the same period has been only 20 per cent.



REPORT OF THE SECRETARY. : 17

CONTRACTS ABROAD FOR ENTIRE BUTTER PRODUCTS.

A private dairyman often finds it to his advantage to contract the
butter product of his farm to a good customer at a fixed price for the
year. Sometimes he gets less than he might obtain temporarily else-
where and sometimes more, but the year’s average is satisfactory.
Others, including creamerymen as well as dairymen, are quite con-
tented to follow the regular market price if their customer will take
the entire product, week by week. From the investigations already
made, it is evident that American ereameries which do not find a suf-
ficiently regular and satisfactory market for their butter product
throughout the year, but are willing to accept ruling market prices,
can arrange for disposing of their entire output to foreign merchants
on terms quite as advantageous as those obtainable in this country.

FURTHER EXPERIMENTAL EXPORTS OF BUTTER DESIRABLE.

As already stated, the trials made the present season have been
confined to the London market. The results obtained thus far seem
to make it desirable to continue these experimental exports of butter,
enlarging the field of operations to include other points in Great Britain
which present peculiar local features, as well as selected markets on
the continent of Europe.

It may become expedient to make similar efforts to extend the
markets for other perishable commodities, the products of American
farms, such as poultry, eggs, and fruit.

THE PROBLEM OF THE FARMER’S HOME.

Among the educational movements which in recent years have
engaged the attention of the public none has been received with
greater favor than the attempt to introduce into schools for girls and
women some systematic teaching of the arts which are practiced in the
home. Many of the colleges of agriculture and mechanic arts, together
with scientifie, technical, and industrial schools, now maintain a
department of domestic science. Cooking and sewing are quite com-
monly taught in the public schools, and cooking schools for women
have been organized in numerous places. While useful instruction
in these lines is imparted, it is generally recognized that much remains
to be done before the teaching of domestic science can assume its
most effective form.

NEED OF THOROUGH HOME TRAINING.

In this, as in other branches of instruction which have a vital rela-
tion to the arts and industries, the student should learn not only the
best methods of doing the things required by the daily needs of home
life, but also the reasons why certain things are to be done and others
avoided. In other words, this teaching needs a scientific basis if it is
to be thoroughly useful. In this respect domestic science is in the

4 A97—2



18 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

same category with medicine, engineering, and agrieulture. It is
not so very long ago that medicine and engineering were very largely
empirical arts, and the schools of medicine and engineering were
principally engaged in teaching men the things they were to do when
they became doctors or engineers. To-day no doctor or engineer is
considered fitted to pursue his profession until he has drunk deep at
the fountains of science and knows well the principles on which suc-
cessful practice must be based. In agriculture it is coming to be
elearly seen that teaching the boy how to plow or to perform any
other farm operation is not the most important service which the
school ean render. There must be added to this, definite and careful
instruction in the principles on which agricultural practice is based.
The farmer must be taught to think in the lines where science has
shed light upon his art if his practice is to be most thoroughly success-
ful. Fortunately, science has already much to tell the farmer which
is most useful to him, and every year sees an. increase in the great
store from which the agricultural student can safely draw.

THE TEACHING OF DOMESTIC SCIENCE.

Now, what has been done for the boy in agriculture and engineer-
ing needs to be done for the girl in domestic art and seience. And
already the beginnings of a far-reaching effort in this direction have
been made. The teachers of domestic science are not content to fol-
low a dull routine of household drudgery in their teaching. They are
appealing to the scientist and specialist in lines which touch the home
life to explain the principles on which home practices should rest and
to show them how intelligent taste and skill can make the home a
pleasant place to live in, and how scientific knowledge can enable the
hoeme keeper to maintain the health and generally promote the physi-
cal well being of those committed to her charge. Some progress has
been made in formulating the replies which science is now able to give
to inquiries relating to domestic science and in undertaking investi-
gations with a view to greatly broadening our knowledge of these
matters in the days to come.

THE DEPARTMENT’'S WORK FOR THE HOME.

In the great work of helping the women of our land, nearly half of
whom are toiling in the homes upon our farms, this Department, it is
believed, has a large duty to perform. For, whatever will be effective
in raising the grade of the home life on the farm, in securing the better
nourishment of the farmer’s family, and in surrounding them with the
refinements-and attractions of a well-ordered home, will powerfully .
contribute alike to the material prosperity of the country and the
general welfare of the farmers. The investigations which the Depart-
ment has undertaken on the food and nutrition of man have already
been of much service to the teachers and students of domestic sci-
ence, and it is hoped that these investigations will hereafter be still
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more helpful in establishing a scientific basis for the teaching and
practice of human nutrition. - Through its close relations with the
agricultural colleges and other institutions for industrial training of
the youth, the Department may incidentally aid the movement to
educate women in the rational practice of the arts of the home.

PROPOSED HELP IN THE TRAINING OF WOMEN.

But beyond this, it is much to be desired that the Department may
be afforded an opportunity to undertake some definite enterprises
which will enable it to extend much more material assistance to those
who are engaged in the noble task of giving practical training to the
future wives and mothers of our farmers and to that vast army of
faithful women who are bearing the heavy burdens of keeping the
farmers’ homes pure and sweet and rearing the future masters of our
vast agricultural domain.

BUREAU OF ANIMAL INDUSTRY.
MEAT INSPECTION.

The appropriation at the disposal.of the bureau has not been suffi-
cient to enable it to inspect all the animals slaughtered in the United
States designed for interstate and foreign commerce. The force
engaged in this work has been enlarged from time to time, and the
number of animals inspected has increased each year. During the
past year all the beef exported to Europe, and a great part of the pork
and other meat products, have been inspected in aecordance with the
law, but the bureau has found it impossible to inspect the large
amount of meat slaughtered for interstate trade. The force now used
in the inspection is competent and efficient, and it should be extended
sufficiently to meet the intent of the law looking to the inspection of
all the meat entering into interstate and foreign trade. The persons
obtained by certification from the eligible list of the civil service, as
a rule, have been more competent and efficient than those obtained
before the force was brought within the classified service.

The work of inspection was in operation at 128 abattoirs and paeck-
ing houses located in 33 cities.

The following table shows the number of ante-mortem inspections
made in the stock yards and at abattoirs, with the number condemned:

Ante-mortem inspection.

For official
ray For abat-
abattoirsin|, = Con- s
ey toirsin other| Rejected
Animals. cifies whero | “oifios and |, Total | demned Iyy"30ck
© INSpec | miscellane- | MISPOCHIONS. | % 2935 | yargs,
t‘g;ﬂ“ ous buyers. OlTs.
4,280,053 | 3,960,967 | 8,250,025 105 | 24,08
iR iR tee m onm
16,813,181 | 8,753,563 | 25,566,744 | 12,858 | 40,387
26,541,812 | 15,768,205 | 42,310,107 | 13,866 | 78,338
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The following table shows the number of post-mortem inspections,
giving the number of animals rejected, with the number of carcasses
and parts condemned as unfit for human food:

Post-mortem inspection.

Number of inspections. Carcasses condemned. I;a.rts
of car-
On ani- casses
Animals. At abat- | Tals re- At St&‘.‘g' con-
ol jected | Total. | abat- [ ¥ Total. | demned
IS. | in stock toirs. 111;1iipec— at abat-
-| yards. ns. toirs.

11,634 | 4,253,850 | 6,618 | 3,725 | 10,343 10,200
4,733 | 5,213,804 [ 3,086 | 1,652 | 4,738 1,213
787 278,911 238 311 549 42
80,263 | 16,839,084 (a41,562 | 12,929 | 54,491 | 137,750

47,417 | 26,580,689 | 51,504 | 18,617 | 70,121 49,295

a Includes 3,243 condemned on microscopic examination.
bIncludes 10,082 condemned on microscopic examination.

The meat-inspection tags or some other mark of identification were
affixed to 14,510,662 quarters and 863,248 pieces of beef, 5,161,927 car-
casses of sheep, 231,879 of calves, 524,556 of hogs, and to 314,947 sacks
and pieces of pork.

The following table shows the number of animals inspected before
slaughter, for abattoirs having inspection, from 1891 to 1897, inclusive:

Animals inspected for abattoirs having inspection, fiscal years 1891-1897.

Fiscal year. Cattle. | Calves. | Sheep. Hogs. Total.
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MICROSCOPIC INSPECTION OF PORK.

In the microscopic inspection for trichina, 1,881,309 specimens were
examined. The number of samples found infected was 13,325, of
which 3,243 were from carcasses and 10,082 from pieces of pork.

The number of pounds exported was 43,572,355, of which only
1,001,783 pounds went to countries not requiring a certificate of
microscopic¢ inspection.

Amount of pork microscopically inspected, fiscal years 1892-1897.

& To coun- ¢ To coutn-
: . ries requir-| tries not re-
Fiscal year. ing ins%ec~ qui: Total
tion. inspection.
Pounds. Pounds.
16,127,176 | 38,152,874
12,617,652 | 20,677,410
16,592,818 | 85,437,937
, 739,368 | 45,094, 598
1,403,559 | 22,900, 880
1,001,783 | 43,572,355
—~—
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The costof this inspection was $111,669.30, an average per specimen
examined of 5.94 cents, or an average of 0.256 cent for each pound of
microscopically examined meat exported.

INSPECTION OF VESSELS AND EXPORT ANIMALS.

The number of inspections of domestic cattle for export was 845,116;
number tagged, 410,379; number rejected, 1,565; number of inspec-
tions of domestic sheep, 348,108; number rejected, 189. The number
of Canadian cattle inspected was 13,136; number rejected, 12; Cana-
dian sheep inspected, 23,289; number rejected, 72.

The number of domestic animals exported under the supervision of
inspectors consisted of 390,554 cattle, 184,596 sheep, 22,623 horses, and
100 mules.

The number of certificates issued for cattle was 1,563; the number
of clearances of vessels was 954. .

The percentage of loss in export animals during the year 1894 was
0.37; in 1895 it was 0.62, and in 1896 it was 0.32.

The cost of inspection of export animals, the Texas fever work, and
the inspection of animals imported from Mexico was $102,555.16.

Cattle and sheep inspected for export.

Cattle. Sheep.

Fiscal year. Number Number | Number | Number Number Number | Number
of Inspec- | 1ojocted. | tagged. | exported. | OF 108DeC- | rejected. | exported.

tions. tions. ;
845,116 1,665 | 410,879 | 890,554 | 348,108 189 184,508
815, 882 1,803 | 377,639 | 365,345 | 733,657 893 422, 603
gml VM| bl il Bk mwoR
611,542 292 | 280,570 | 280,240 |....... SO IS

SOUTHERN CATTLE INSPECTION.

During the quarantine season of 1896 there were received and yarded
in the quarantine divisions of the various stock yards 42,869 cars,
containing 1,154,235 cattle; 43,529 cars were cleaned and disinfected.

The supervision and control of the movement of cattle from the dis-
trict infected with Southern, or splenetic, fever involves the placarding
of cars and the stamping of waybills, the proper yarding of Southern
cattle so that they will not come in contact with susceptible animals,
and, when reloaded at one station, the notification of the inspector
at the point of destination or at intermediate stations. In the nonin-
fected area in Texas 220,543 cattle were inspected and permitted to be
moved to other States by trail and railroad for grazing.

INSPECTION OF IMPORTED ANIMALS.

The number of animals imported from Mexico and inspected at the
ports of entry along the boundary line was as follows: Two hundred
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and ninety-two thousand four hundred and seventy-nine cattle, 43,393
sheep, 12 hogs, and 171 goats.

An experiment is now in progress in Page County, Iowa, to deter-
mine to what extent and at what cost hog cholera can he prevented or -
controlled by sanitary regulations. The legislature at its last session
passed a special act giving authority to destroy animals and to enforce
necessary quarantine regulations. The funds available for this exper-
iment are not sufficient, but it is hoped that the work may be suffi-
ciently thorough in a part of the county to indieate what may be
accomplished by the enforcement of such regulations. Experiments
are also being made to learn what may be accomplished by killing
only the plainly diseased animals and treating those exposed with hog-
cholera antitoxin. It is yet too early to form an idea of the results
that will be obtained through these experiments further than to state
that the antitoxin evidently has a beneficial effect. The laboratory
and experiment station are now engaged upon investigations looking
to the production of an antitoxin of greater protective power and at
less expense than has been possible heretofore.

- PROPOSED EXTENSION OF MEAT INSPECTION.

The most pressing work of the Bureau of Animal Industry for the
coming year is the extension of meat inspection to abattoirs engaged
in the interstate business, which has not yet been included in the serv-
iee. TUntil allthe establishments which kill for shipment toother States
have been included, the object of the law in preventing the sale of
diseased carcasses for human food will not be accomplished, and there
will be a discrimination in faver of thegse who have received the
inspection and against those who have not been able to obtain if.
There is also a demand for increased microscopic inspection, which is
necessary to permit the marketing of American pork products in the
principal” countries of continental Europe. The exports of these
products fluetuate largely from year to year, according to the condi-
tion of the market, and consequently it is impossible to foresee the
expenditure which will be necessary to properly provide for the trade.
There should either be an emergeney fund which ean be drawn upon
for this purpose or the Department should be authorized to charge
a reasonable sum—say 5 cents—for each specimen microscopically
inspected, and the sum so collected should become additional to the
appropriation, so that any demands made might be complied with.

PAYMENT FOR MICROSCOPIC INSPECTION.

While I believe the general inspection of meats for sanitary pur-
poses should be made by the Government, without charge to the
slaughterers, the microscopic inspection to a great extent is a com-
mercial inspection, and the cost of it could be more legitimately
assessed against the trade which it benefits, If the packers paid the
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cost of the imspeetion, there would be no longer any reason for
declining to extend it to all who apply for it, and the inspeetion
could be applied to as many small pieces of pork as might be deemed
necessary or advisable. At present inspection is demanded of pieces
weighing only from 14 to 3 pounds, and on aceount of the cost of
inspecting such small pieces a limit of weight has been set (5 pounds),
whieh is more or less unsatisfactory to the trade.

The inspection of export animals must be eontinued in erder to
eertify to their healthfulness and maintain the market which has
been secured for them in other countries. At present our live ami-
mals are shut out from most of the countries of continental Europe,
and it is only by inspection and certifying to their healthfulness that
we ean hope to have these markets reopened.

INSPECTION AND QUARANTINE OF IMPORTED ANIMALS.

The inspeetion and quarantine of imported animals must also be
‘eontinued in order to prevent the introduetion of contagiouns diseases.
‘While much progress has been made in the control of contagious dis-
‘eases in European countries from which our stockmen import live ani-
mals, yet most of these ecountries are now affected with either pleuro-
preumonia or foot-and-mouth disease, or both. The prospects are
‘that there will be more importations from Europe during the coming
year than for several years past, and consequently the cost of this
inspection must be somewhat increased.

INSPECTION CERTIFICATE TO INCLUDE MILK PRODUCTS.

It is suggested that an extension of the Government system of
inspection and ecertification at present applied to meats and meat
products for export to include butter, cheese, and condensed milk
would be advisable and may perhaps be necessary in order to main-
tain the standing of our products in foreign markets. If a trade in
pure butter or pure cheese is built up under existing conditions, it
may at any time be ruined through the shipment by unscrupulous
persons of adulterated products or those which have been preserved
‘with agents genérally considered harmful. No doubt a eertification
limited to produets which would grade above a certain fixed and arbi-
trary standard would be a great benefit and aid in building up and
maintaining a greatly increased trade in such products.

CATTLE AFFECTED WITH TEXAS FEVER.

The inspection and quarantine of cattle from the Texas fever distriet
is an extremely important branch of the serviece, and it needs constant
attention to prevent the infeetion of the central stock yards and the
widespread dissemination of the contagion. When we consider that
the quarantine line separating the infected from the uninfected dis-
trict of the country extends from the Atlantic coaston the east to the
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Pacific on the west and is over 4,000 miles in length, the difficulty in
preventing violations of the regulations and the unlawful movement
of infected stock can be appreciated. During the present year there
have been more violations of the quarantine than for several years,
owing, no doubt, to the increased demand for stock cattle. It will be
necessary to take increased precautions during the next year to pre-
vent the movement of cattle contrary to theregulations, or greatdamage
to the domestic and export trade and a heavy loss of stock will result.
The force during the present year is not sufficient to properly guard
this line. -

'DESTRUCTION OF CATTLE TICKS.

Probably the most important work which the pathological division
has had in charge has been the experimental study of the effect of the
different substances in destroying ticks which spread the infection of
Texas fever. It has been found recently that a petroleum product
known as paraffin oil will destroy the ticks without greatly irritating
the skin of the animals to which it is applied. It is thought by dip-
ping the animal twice in this oil, with an interval of a few days, all
the ticks will be destroyed, and the animals, even from the infected
district, may hereafter be shipped with safety to any part of the
country. Ifthishope is fulfilled, the dipping of cattle from the infected
- district must soon become general and will save millions of dollars
to the Southern States and more thoroughly protect Northern cattle.

BLACK LEG.

An effort is being made to prevent the losses from the disease known
as-black leg, or symptomatic anthrax, by distributing to the owners
of herds where such losses occur a vaccine that will produce immu-
nity. Some localities report losses from this disease ranging from 8
to 14 per cent. Heretofore the methods used in this country required
two vaccinations, with an interval of ten days or more. The trouble
and expense of a double vaccination, added to the cost of the vae-
cine, has deterred many stock owners from adopting this method of
prevention. The pathological division is experimenting with a vae-
cine prepared by a special method which produces sufficient immu-
nity to resist the disease with one vaccination.

- RABIES.

.

4

Many investigations of reported outbreaks of this disease have been
made and a considerable number of tests made of animals supposed
to be infected with rabies. A great variety of opinions have been
expressed concerning the existence of rabies and the extent to which
it prevails in this country. There are few institutions which are pre-
pared to make scientific tests of animals supposed to be infected with

" this disease, consequently the work of the pathological division in
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this direction is of great importance. A considerable number of
undoubted cases of the disease have been discovered, and it has
been found that some apparently unaccountable outbreaks of disease
among cattle were really attributable to rabies.

ERADICATION OF SHEEP SCAB.

The design of the Department is to entirely eradicate sheep scab, and
every effort will be made to bring this about. The work should be
done on the ranch and on the farm. In many instances sheep own-
ers have undertaken the complete eradication of this disease and suc-
ceeded. There is always more or less opposition when outside inter-
ference is brought to bear upon private management, but the general
welfare of the sheep owners all over the United States requires that
this disease should be eradicated. Intimate relations now exist
between the sheep-breeding grounds and sheep-feeding grounds of the
Northwest. Sheep are moved in large numbers from west of the
Missouri to the grain fields east of it. The sheepmaster on the breed-
ing grounds can obtain better prices for his stock by eradicating this
disease, and much loss will be prevented to the feeder when he can
buy healthy sheep.

HOG CHOLERA AND TUBERCULOSIS.

Experiments are also being made to determine the best methods of
treating and controlling hog cholera and tuberculosis. The losses
from these diseases are extremely serious, and every effort should be
made to reduce them. In order to accomplish this, it is plain that
the Department must exercise fuller control over the movement of
animals from one part of the ecountry to another and prevent the
dissemination of contagion by stock cars in which diseased animals
have been transported. It is probable that more legislation should
be enacted, giving the Department greater power in the stock yards
that are used for interstate shipments, and that more positive author-
ity should be granted for compelling the disinfection of cars and
stock pens.

WORK OF THE BIOCHEMIC DIVISION.

This division has manufactured and distributed to State authorities
sufficient tuberculin to test 57,000 cattle for tuberculosis and suffi-
cient mallein to test 1,400 horses for glanders during the past year.
This division has also succeeded in manufacturing an ink which is of
great assistance in branding carcasses and pieces of inspected meats.
Such branding answers the purpose of identification in many cases
as well as seals and tags, and where used results in a great saving of
money, since it can be applied much more rapidly and costs for
material very much less.
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WORK OF THE ZOOLOGICAL LABORATORY.

With a view to determining the value of German microscopic exam-
ination of pork for trichinse, the various outbreaks of trichinosis in
that country from 1881 to 1895 have been studied.

It is a remarkable fact that with all these cases of trichinosis which
are laid at the door of German inspection and German pork, there was
not a single case in Germany during the fifteen years referred to which
the German sanitary authorities have been able to show was due to
American pork.

The zoological laboratory has prepared for the use of the bureau
‘inspectors a bulletin on certain animal parasites found in meats, with
special reference to their direct or indirect transmissibility to man.

For about two months the attention of this laboratery was occupied
with a study of the parasitesof the fur seal, undertaken at the request
of the Treasury Department. An extensive report on this subjeet
has been submitted to the United States Seal Commission for publi-
cation. ’ )

NEED OF AN ANIMAL EXPERIMENT STATION.

The work of this bureau requires the use of an experiment station
where a considerable number of experimental animals can be con-
stantly kept. This is needed partly for the diagnosis of diseases met
with in the inspeetion of meat and in the investigation of outbreaks
of disease in various parts of the country, and also in the investigation
of the nature of diseases and the best methods of treating them. The
station which has heretofore been occupied by the bureau has become
insafficient for the purpose, and a change has therefore been made to
a point farther from the city of Washington, and where more Iand
can be obtained. The importance of continuing such investigations
and of pressing them forward as rapidly as possible can not be over-
estimated, and no doubt the necessity for sueh work will continue for
many years to come. I would therefore recommend that suitable
grounds for such an experiment station be purchased, thus avoiding
the necessity of moving from place to place and abandoning the
improvements which must neeessarily be made where this work is
being conducted.

GREATER LABORATORY FACILITIES NEEDED.

I also invite attention to the impertanee of providing a fireproof
‘building for the scientific laboratory. The building now oeceupied is
unsuited for housing the valuable working material which has been
accumulated during the thirteen years that the bureau has been in
existence. In the study of animal parasites, for instance, there has
been intrusted to our zoologist the type specimens from the prineipal
collections of the world. If these specimens were destroyed, it would
be an irreparable loss to science and to practical agriculture. So, in
each division of the work there are specimens, literature, indexes,
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and working material of all kinds which represent years of labor and
whieh eould not possibly be replaced.

This laboratory is a praetical workshop, which aims to make con-
stant and immediate returns to the farmers for the full amount
expended for the scientific work of the bureau. It is accomplishing
this by the distribution of tuberculin, mallein, and black-leg vaccine,
by bringing out the best methods of treating diseases, by determining
and informing stock raisers as to the nature of diseases which affect
their stock, by perfecting methods for making cattle insusceptible to
Texas fever, and for killing the ticks which are the means of spread-
ing the disease. These lines of work are worth millions of dollars to
our farmers, and they should not only be encouraged, but put beyond
the danger ‘of interruption and ruin by fires and other avoidable
‘accidents. ' '

- THE WEATHER BUREAU.

The extension of the scope of the Weather Bureau and its increase
in usefulness are well known to the American people. In 1883 weather
maps were not issued exeept at the central office in Washington, D. C.
During the last fiscal year 4,315,000 maps were issued at 81 stations
outsule of Washington, D. C., and there has been an increase of 686,000

- copies within the last two years to meet the constantly inecreasing
demands of the public. In 1883 forecasts and warnings were sent to
_’8 094 places by mail, no other method of distribution, except through
the daily pressand the railroad train service, being then in use. Dur-
ing thelast fiscal year daily forecasts and warnings were sent to 51,694
places by mail, telegraph, and telephone, and there has been an
increase in the number of places receiving forecasts in the last two
years of nearly 30,000,

CLIMATE AND CROP BULLETINS.

In 1883 no information was é(_)llected respecting the weather as influ-
encing crops. Now climate and crop conditions are reported from
about 8,000 places, and the results are summarized in the weekly elimate
and crop bulletins which are issued at each State center and repub-
lished by practically the entire press of the country, both rural and
urban. There were in that year less than 300 voluntary observers in
eooperation with the bureau, and no systematic publication of their
reports was made. Now there are about 3,000 voluntary observers
making daily readings of standard Government thermometers and
rain gauges, the daily readings being eolleeted and neatly printed in
tabular form at 42 State centers.

'~ STORM-SIGNAL STATIONS.

In the year mentioned (1883) there were 41 stations on our seacoast
and the Great Lakes where storm signals were displayed for the bene-
fit of mariners. Now there are 253 stations whére these signals are
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displayed, at each of which, in addition to displaying signals, tele-
graphic bulletins giving the location, intensity, and probable move-
ment of the storms, are distributed to vessel masters within one hour
after the information is dictated by the forecast officials.

EXTENSION OF WEATHER SERVICE.

For the fiscal year ending June 30, 1884, the weather service cost
$993,520. The appropriation for the current year is $883,772, which
is $109,748 less than in 1883, while the work performed and the benefit
derived by the public are much greater. The appropriation for the
current fiscal year, however, is inadequate to meet the demands made
by the people, either directly to the bureau or through their Repre-
sentatives in Congress, for a material extension of the benefits of the
weather service. It is necessary to establish and equip new stations
at important centers of population. The amount now appropriaped
is barely sufficient for the actual working force at the meteorological
stations, leaving no opportunity for the extension of the present sys-
tem or the establishment of new stations. It is only with the utmost
care, and by requiring from nine to twelve hours’ work every day in
the year, including Sundays and holidays, at a majority of our sta-
tions, that the important duties of the service can be performed.
Every mail brings urgent requests from Representatives in Congress,
farmers, mariners, merchants, and professional men for extensions
which it is impossible to make.

MONEY NEEDED FOR NEW WEATHER BUREAU STATIONS.

An increased appropriation of $160,348 in the estimates for the
Weather Bureau for the next fiscal year has therefore been asked for.
This increase contemplates the establishment of several stations in
the Southwest of our country, where an extensive area is not now
included in the domain covered by meteorological observations. This
unprotected region includes large portions of Nevada, Utah, Arizona,
New Mexico, and southeastern California.. Four or five additional
stations should be established in this territory. The weather condi-
tions which cause frost in the orange and raisin sections of California
drift in a southerly direction from the north and northeast. The
giving of accurate frost warnings for the extensive fruit interests of
southern California requires the additional stations above referred to.

SHELTERS REQUIRED FOR INSTRUMENTS.

The estlmates include an item of $10,000, over and above the amount
allotted for the present fiscal year, for the purpose of purchasing
instrument shelters for issue to voluntary observers of the Weather
Bureau, who number about 3,000 at the present time. These shelters
will enable the bureau to obtain more accurate elimatic observations,
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since the thermometers will be so exposed as to have free circulation
of air, and yet will be protected from sunlight, rainfall, and radiation
from surrounding structures. Many employees are now engaged in
collating and publishing these reports for the purpose of establishing
the climatic features of every portion of each State in the Union. It
is an unwise economy that does not provide for the taking of accurate
observations upon which so much subsequent time and labor are
expended. .

An item of $5,000 is included for the purpose of erecting a small
brick and stone building on the Government reservation between the
two canals at Sault Ste. Marie, Mich. The average number of ves-
sels passing through these canals in the season of navigation is 80 pgr
day. The Weather Bureau office at that point is maintained chiefly
in the interests of shipping, and its location should be on this Go&-
ernment reservation, where it can be of the greatest service to vessel
masters.

LOCATION OF WEATHER BUREAU OFFICES.

It is of great importance that offices be located with a view of secur-
ing several advantageous conditions. Nearness to the press, the tele-
graph office, and, if at a lake port, proximity to the harbor are
important conditions in securing prompt and effective distribution of
storm warnings and weather information. Besides providing for
these, the proper exposure of meteorological instruments must not be ,
overlooked. It is apparent that economy in expenditure should not
induce the Government to locate its meteorological observatories in
other than the most advantageous surroundings. Under no circum-
stances should the accuracy of the meteorological readings be sub-
ordinated to the desire to secure quarters rent free.

NEW WEATHER BUREAU STATIONS FOR CITIES.

Additional stations are also needed to meet the demands of many
cities which, though not so situated geographically as to furnish the
bureau useful observations for its storm warnings, are still so impofr-
tant in their manufacturing, marine, and other industries as to render
it advisable to establish complete meteorological stations in their
midst, to preserve a record of the prevailing atmospheric conditions.
Such a record would be exceedingly useful in the development of
their industries, and would make it possible to have a more complete
gsystem of distribution of storm warnings than obtains at present.
There are to-day over fifty cities having a population of over 50,000
with no Weather Bureau station. The storm-warning service long
ago outgrew the experimental stage. It has demonstrated its useful-
ness to such an extent that only the most efficient appliances should
be used for conveying its warnings to mariners.
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THE MISSISSIPPI FLOOD OF 1897.

There was an extensive flood last spring in the Lower Mississippi
River region. Fifteen million dollars’ worth of farm products and
live stock were found by this Department to be within that region.
Successful forecasts were made weeks and days <4n advance, to the
great profit of the residents of the flooded area. The river service is
composed of 22 sections, each with a central office receiving reports
from a definite area and each making local forecasts for the river
district under observation. In the case of an impending disaster,

"such as was imminent last spring, the central office at Washington
dictates important warnings for distribution by the seetion center.
During recent years a very thorough reorganization and systematiza-
tion of the river and flood service has been effected. From the local
observers who measure rainfall and gauge river heights to the trained
meteorologists who are in charge of the river center, from the latter
officials to the forecast officials at the central office, and from these to
the chief of the bureau the organization has been slowly strengthened,
until it is believed that the bureau is able to serve the public efficiently
during an emergency.

EFFECTIVENESS OF STORM WARNINGS.

No one of the ten West India hurricanes which swept our Atlantic
and Gulf coasts during the past few years reached any harbor with-
out danger signals being displayed well in advance. The extensive
truck gardens of the South Atlantic States received full warnings of
frosts of marked severity, and all cold waves of any considerable
extent were successfully forecast in the interests of shippers of per-
ishable produce and manufactures.

Gratifying success attended the warnings issued for the benefit of
the fruit industry of Florida, the sugar interests of Louisiana and
Texas, and the truck-growing districts of the Eastern seaboard.

The rain warnings issued from the San Francisco office for the bene-
fit of the raisin industry during the drying season, and on the accuracy
of which that industry is greatly dependent for success, were in every
instance verified. The official in charge of the San Francisco office
states, in reference to the work of the bureau in this particular, that
during the last three years not a single rain occurred in the raisin-
drying region without warning, and in only one instance was an
unnecessary warning issued. ,

GROWTH IN VALUE OF THE WEATHER SERVICE.

These facts testify to the great value of the Weather Bureau. It
has far outgrown in accuracy and usefulness the largest anticipations
of its founders, and has fully demonstrated the wisdom of the Amer-
ican scientists whose investigations make such a service possible.
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Its warnings save many millions of dollars annually to the agricul-
tural and marine interests of the country, and the numerous demands
made by those interests for an extension of the service should be
honored by a material increase in the appropriations for the support
of this valuable Government institution.

STANDARD DANGER SIGNALS DESIRABLE.

During the period mentioned (1883 to 1897) the danger signals dis-
played at lake and ocean ports have increased in number from 41 to
. 253. These danger signals, notwithstanding they are a great aid to
navigation and result in the saving of thousands of precious lives
annually, are in many cases made by old and obsolete appliances.
The signals are of such value as to justify an appropriation of funds
that will equip these stations with the most improved appliances for
conveying danger warnings to mariners. While the saving of life
should be our first consideration, I am informed that conservative
estimates made by those interested in shipping, indicate that one
hurricane sweeping the Atlantic Ocean unannounced by signals would
cause a damage to floating craft of two to four million dollars. There-
fore commercial interests would be subserved by equipping in the
most efficient manner each station with such mechanical appliances
as have, by recent experiments, been adopted as standards.

EXTENSION OF METEOROLOGICAL SERVICE.

Twenty-seven years ago the meteorological stations of the Weather
Bureau were established. Since that time many cities have grown to
greater proportions than the cities in which the original stations were
~ located. I am informed that it will be necessary to discontinue some
stations at less important cities for the purpose of establishing observ-
atories in the more important places, unless provision is made for the
extension of the serviee. The fact that in no case has a city given up
its local meteorological service without vigorous protest, is sufficient.
evidence that such local service should be maintained and that like
service should be extended to cities of equal importance.

STUDY OF THE UPPER AIR WITH KITES.

The work of the preceding year in regard to obtaining observations
in the upper air by means of kites has been continued. The objeet
of these observations will be to further studies in regard to the
meehanics of storms, and to prepare synoptic charts from simulta-
neous readings taken in the free air at an altitude of not less than 1
mile, with a view to increasing the percentage of forecasting aceu-
racy. Many improvements have been made in these kites during the
past fiscal year, and the results attained seem to justify a considera-
ble extension of the work during the ensuing year, the preparations
for which are now well under way.
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DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

Valuable work has been continued by this division in the study of
diseases affecting forest and shade trees; diseases affecting plants
under glass, a matter of much interest to a great many of our people;
diseases of the Bermuda lily, caused by methods of propagation and
handling; diseases of the rose, violet, and chrysanthemum, and dis-
eases of Southern watermelons. Diseases affecting cotton, cowpeas,
market-garden crops, and pomaceous and allied fruits have also
been studied.

Experts are detailed continually to make a study of the diseases
affecting fruits and other crops of the Pacific Coast. The English
walnut is rapidly becoming an important industry in California, and
treatment of a bacterial disease affecting it has been successful over
large areas. Bacterial diseases of tobacco have also been studied
during the past year.

’ Publications have been prepared treating of the apple canker of
Washington and Oregon, fig fermentation, black rot of the navel
orange, diseases attacking the raisin crop, etc. '

The division has also engaged in field experiments of wheat to test
the resistance of the different varieties to rust and other diseases, and
to obtain facts regarding their value to the different wheat-producing
regions of the country, in cooperation with the Kansas Experiment
Station. It has continued the study of the nutrition of plants grown
under different conditions, and in connection with this the study of
conditions of soil, climate, and other important factors affecting plants
in the different parts of the country.

The new problems presented where irrigation is pracmced are
receiving earnest attention.

BIOLOGICAL SURVEY.

Two principal lines of work are carried on by the Biological Survey—
a study of the geographic distribution of animals and plants, with a-
view to determining the boundaries of the natural life zones and their
subdivisions, and the study of the food habits of birds and mammals,’
for the purpose of ascertaining the economic relations of our natlve
species. Work along both of these lines has been continued. '

During the past fiscal year fieldwork has been done in Washing-
ton, Oregon, California, Nevada, Utah, Wyoming, Nebraska, Kansas,
Indian Territory, West Virginia, Mexico, and western Canada.

A special effort has been made to ascertain the boundaries of the
life zones of the various species of plants and animals in the northwest
corner of the United States, particularly in Oregon and Washington.

ZONES FOR CORN, WHEAT, AND OATS.

Investigations are being made with a view to determining results
of previous studies on geographic distribution and making them
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immediately available for practical agriculturists. The first investi-
gation had for its object the determination of the varieties of corn,
wheat, and oats which should be most profitably cultivated in each of
the natural life zones of the United States. This work is being done
in conjunctien with Prof. C. S. Plumb, of the Indiana Experiment
Station. Information regarding the different varieties of cereals has
been collected from more than 1,000 grain growers, located in different
parts of the United States and the Canadian Provinces.

The work of the Biological Survey is a prime necessity, in order
that the Department may have a correct knowledge regarding the
localities to which imported, seeds and plants should be sent.

ECONOMIC RELATIONS OF MAMMALS AND BIRDS.

Studies of the economic relations of the various mammals and birds
have been continued during the year, and special effort has been
made to obtain a sufficient number of birds’ stomachs to complete
investigations already begun on the food of certain species. More
than 3,000.birds’ stomachs have been added to the collection, and 2,342
have been examined. This work will result in giving correct infor-
mation to the agriculturist as to which birds are his friends and which
are his enemies. '

The main object of the work of this division is the collection and
dissemination of information regarding the geographic distribution of
birds and mammals, particularly those of economic importance.

FIBER INVESTIGATIONS.

A ton of flax straw grown in the Puget Sound region of Washington,
under the direction of the Office of Fiber Investigations, was sent to a
firm of famous flax manufacturers in Lisburn, Iréland, to be scutched
and retted in order to-determine the grade of the flax so produced.
A very superior quality of straw was produced, resembling the straw
‘of the famous Courtrai region of Belgium. With the Irish report was.
received a large assortment of flax samples, the best scutched fiber
of which is valued therein at $350 per ton; but out of the lot sent
from Washington, fiber was hackled worth $500 per ton. This experi-
ment also demonstrated conclusively that it is possible to obtain good
fiber and good seeds from the same plant. The success of the experi-
ment has stimulated experiments in other parts of the Pacific Coast, -
and in Oregon, particularly, considerable fiber flax is being grown this
season.

Interesting .experiments are being conducted in the ginning of
Egyptian cotton. o

HEMP AND RAMIE MACHINES.

Large quantities of hemp are grown in Nebraska. Itis intended to
arrange for an official trial of hemp machines next season in connec-
tion with the forthcoming Omaha Exposition. The interest in new

4 A97—3



‘34 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

ramie-decorticating machinery continues, and several new machines
are ready for test. A trial of these machines was to have been held
this fall, but a proper growth of ramie could net be assured, owing
to the eonverting to other use this season of the ramie tract at the
point where the Government trials are held. A new French machine
now turns out raw fiber approaching in quality the China grass of
commerce, though the capacity of the machine has yet to be tested
before the Department can make any authoritative statements regard-
ing its ability to turn out fiber in paying quantity.

All our figures of the relative yield of ramie fiber per acre are based
on foreign tests or on mere estimates put forth by those interested in
machines. It is the purpose to secure, if possible, a ton or more of
Southern-grown ramie ribbons, which will be stripped and dried under
the direction of the Department, and afterwards treated for the spin-
ning fiber by Department chemists, and, at the same time, by spinners
in the United States who are contemplating manufacture, and who
eontrol commercial degumming processes. It is important to settle
the question of absolute yield. :

DIVISION OF CHEMISTRY.

The character of the work carried on in the Division of Chemlstry
is shown in the following summary:

STUDY OF TYPICAL  SOILS.

Th> value of the study of the typical soils of the United States has
been enhanced by securing from the celebrated experiment station at
Rothamsted, England, samples of a few of the soils whose history has
been carefully noted at that station during the past fifty years. These
samples were kindly furnished by Sir J. Henry Gilbert, who, in con-
junction with Sir John Bennet Lawes, has had charge of the experi-
mental work at that station for the past sixty years.

A direct comparison has been instituted between these soils, whose
history has been known for so long a period, and the typical soils
which have been, secured from various parts of this country.

The character of the work has not varied greatly from that of pre-
vious years, but some important changes in the details have been
instituted. During the previous years the amount of moisture in the
soil at any given time was determined chiefly by an inspection of the
surface, with occasional weighing of the pot containing the sample of
soil being tested. This method, under constant supervision of an
expert, is capable of securing the best results. Oftén, however, it
happens that this supervision of the work, which has been under the
immediate direction of the chief of the division, is interrupted by rea-
son of his absence. In such a case it has been deemed advantageous
to have a more rigid control of the quantity of moisture present. To
this end weekly weighings of the pots have been made, so that the
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quantity of moisture which has been evaporated during the seven
days is directly determined. Knowing the quantity necessary to pro-
duce complete saturation of the soil, a simple calculation will show
the amount to be added in order that the amount of moisture in the
soil shall be between 60 and 70 per cemt of the total quantity
necessary for its complete saturation.

IMPROVED METHODS OF EXPERIMENT WITH SOILS.

~ The method of weighing has been improved by an ingenious me-
chanical device which renders it possible for one person, without
assistance and without undue physical exertion in the way of lifting
the pots, to weigh the whole number, viz, 176, in about four hours.

-Important improvements in the method of applying the moisture
have also been inaugurated, which have been the result of the expe-
rience of the past few years. The use of glass measuring vessels has
been discarded, and a large number of tin vessels of conical shape, .
holding 2 pounds of distilled water, have been employed. By these
improved means it is quite possible to add one portion of water to each
of the pots in the course of two hours.

The general control of the crops growing on these soils has been
continued as in previous years. Oatsand beans are grown during the
first half of the season in duplicate samples of typical soils. After
the harvest of these crops the soil in the pots is again prepared for
planting and a crop of buckwheat grown thereon. By this method
two crops are secured during each season, thusincreasing the value
of the experimental work by duplicating the data obtained.

PROPOSED PRELIMINARY REPORT ON SOIL CONSTITUENTS.

A careful study is made of the total amount of dry matter produced

in each pot, and the quantity of nitrogen, phosphoric acid, and potash
removed from the soil by each crop is determined. The data of four
seasons are now at hand, and while it is not claimed that these data
are sufficient to establish all the points in question, they are at least
sufficiently extended to warrant the preparation of a preliminary
report, which is now under way. This report will contain statements
in regard to the composition of the soils, their physical character, their
water-holding capacity, their content of humus, and the percentages
of nitrogen, phosphoric acid, and potash contained therein, both as
regards total content and in respect to the quantities removed by dif-
ferent solvents.
. These data will be illustrated not only by analytical tables, but also
graphieally in such a way as to show in the most evident manner the
relation which exists between the physical and chemical composition
of the soil, its content of moisture, and the quantity of dry organic
matter produced. .
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STUDY OF FOODS.

Cereal products have been studied during the past fiscal year.
The composition of the different varieties of flour, meal, and the
by-products of milling has been carefully established by elaborate
chemical investigations. Valuable data in regard to the heat-giving
properties of foods have thus been secured, and it has been ascertained
that'the combustion is a valuable check on the accuracy of the chem-
ical analyses. The work of-investigating these food products has
been particularly complicated. It has covered the whole range of
flours, meals, and milling by-products of every description carried on
since 1883. The report will soon be ready for publication.

.

COOPERATION OF THE ASSOCIATION OF OFFICIAL AGRICULTURAL
CHEMISTS.

The excellent results which have been obtained by the active coop-
eration of this Department with the Association of Official Agricul-
tural Chemists have been recognized and acknowledged in all quarters
of the world. Especially in the United States have these results been
of inestimable value in unifying and coordinating the methods of
analyses employed in the various experiment stations and other labo-
ratories of the country. A comparison of the methods of procedure
at the present time with those which were in vogue fifteen years ago
would serve as an unanswerable argument in favor of the continua-
tion of the cooperation which has been so harmoniously established
and maintained.

In the active work incident to this cooperation the Division of
Chemistry has taken a prominent part. All of the subjects which are
assigned for investigation by the Association of Official Agricultural
Chemists are fully and patiently studied by the chemists of the Depart-
ment. The contributions which have been made in this way from the
Division of Chemistry have done much to secure the high standard of
analytical work which now obtains in the United States among our
agricultural chemists. So firmly has this standard been estabhshéd
and so excellent have been its merits, that it has commanded the
approval and support of commercial chemists and those engaged in
original investigations.

PROPOSED CHEMICAL INVESTIGATIONS.

By reason of the restricted appropriations afforded the Division of
Chemistry for the fiscal year ending June 30, 1898, it will not be possi-
ble to extend the scope of investigations much beyond the plan fol-
lowed in the previous fiscal year. The investigation of foods will be
continued, the special subject under consideration being the compo-
sition and character of infants’ and invalids’ foods. This subject is
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of such a wide scope that it will be all the work which it will be pos-
sible to do in this line during the year.

The work in the typieal soils of the United States will be continued
along the lines already followed for the purpose,.either of ascertaining
new facts in regard to the relation of soil to crop, of confirming the
results of investigations already made, or of correcting them in order
to make them conform to the new discoveries which may be made.

SUGAR-BEET INVESTIGATION.

The work in the investigation of sugar-producing plants contem-
plates the analysis of samples grown by farmers in different parts of
the country from seeds furnished by the Department. From arrange-
ments which have already been made by these farmers, it is indicated
that 5,000 or 6,000 samples of beets will be sent to the Department for
analysis during the months of September, October, and November.
Preparations have been made for the accomplishment of a large amount
of chemical work, and it is hoped that valuable information may be
secured thereby in regard to the quality of soil and climate in different
localities where beets can be produced with a high content of sugar.
A study of the composition of beets grown from high-grade seeds,
under the direction of the Division of Chemistry, will also be con-
ducted. These beets have been grown at six of the experiment sta-
tions of the country, so distributed as to represent a wide range of
climatic conditions.

In the miscellaneous work of the division it is also proposed to con-
tinue the investigations which have been undertaken, and not con-
cluded, regarding methods of determining starch in cereals and other
starch-containing plants. This is one of the most difficult operations
in analytical agricultural chemistry, and has been the subject of wide
discussion in all parts of the world. '

INQUIRY AS TO USE OF STREET SWEEPINGS.

An investigation of the disposition which is made of street sweep-
ings and other refuse of cities has been undertaken by this division,
and will be prosecuted vigorously during the coming year. The divi-
sion has placed itself in communication with all the cities of the
United States having a population of 10,000 and over. It has also
perfected arrangements for obtaining information in regard to dispo-
sition of street sweepings and sewage in the largest cities of Europe.
The importance of this work is twofold—first, from a hygienic and
economic point of view, in regard to the best method of disposing of
this refuse; and, second, from a manurial point of view, in regard to
the value of these materials for fertilizing purposes. In cases where
garbage and street sweepings are burned, a study of the resulting
ashes will be made for the purpose of determining their fertilizing
value. It is hoped that a material advantage will accrue from this
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investigation, both to the eities, in respect of the method of disposing
of the refuse, and to the farmers, in respect of securing a new ferti-
lizing material at a low price.

DIVISION OF ENTOMOLOGY.

The work of the Division of Entomology may be classified under
the following heads:

Investigations uponr specific injurious inseets or groups of insects,
experiments with insecticides and insecticide machinery, determina-
tion of species sent in by the entomologists of the State experiment
stations and by other workers, general investigations of the life his-
tories of injurious insects, bibliographic work, and the work of prep-
aration of circulars and publications.

SPREAD OF THE SAN JOSE SCALE.

Investigations have been made supplementing the report made in

1896, regarding the spread of the San Jose scale. While the State
experiment stations have shown great interest in this work and have
undertaken the investigations with energy, it seems proper, never-
theless, that the records should be kept in the office of the Depart-
_ment, so that at any time a supplementary bulletin may be published.
Many entomological experts, as well as fruit growels, find great diffi-
culty in distinguishing between the San Jose scale and several closely
allied species which occur on fruit trees.

The office of the Entomologist in the Department is kept busy by
the requests from persens for the examination of scale insects in order
to decide their identity. A bulletin has been prepared covering these
points.

STUDY OF THE MEXICAN COTTON-BOLL WEEVIL.

An agent was sent to Mexico in the spring of 1897 to study the
Mexican cotton-boll weevil in its original home, for the purpose of
ascertaining whether parasites exist there which could be imported
into Texas with benefit, and the oecurrences and spread of the species
during the present year in Texas have been studied with care.

FOREIGN INSECT PESTS.

The division has devoted some time during the year to the consid-
eration of the dangers of the impertation of new insect pests from
abroad. The Entomologist prepared and delivered an address before
a convention of horticulturists, nurserymen, and entomologists held
in Washington, D. C., in March, 1897, on the subject of the desirability
of an inspection system against foreign insects, and an article in the
Yearbook of the Department for 1897 will give further information
on the same important subjeet. :
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MISCELLANEOUS INVESTIGATIONS.

During the past year the Division of Entomology has been conduct-
ing experiments with new and old insecticides with regard to their
effects on the foliage of different plants under varying conditions.

General investigations of the life histories of injurious insects are
carried on in the ‘‘insectary” building and adjoining garden plat.
During the fiscal year notes were recorded upon 502 species which
had never before been studied in the insectary.

Investigations in the general subject of insects injurious to shade
trees in cities and towns have been continued; also investigations of
ingsects affecting stored foods.

ENTOMOLOGICAL PUBLICATIONS.

A great demand exists for some of the bulletins of this division,
especially for those treating of insects in the household and insects
affecting domestic animals. Owing tolegal limitations, the editions of
some of the bulletins most frequently called for are small, and many
applicants have to go unsatisfied. A bulletin treating of the degree
of temperature at which certain insects affecting household goods
and foods remain inactive affords information especially valuable to
cold-storage companies, and may result in a reduction in the charges
of cold-storage companies during the summer months.

Publications have been issued by the division relative to insects
affecting stored vegetable products; also a Farmers’ Bulletin on
insects injurious to stored grains.

ENTOMOLOGICAL INVESTIGATIONS IN CONTEMPLATION.

By special direction of Congress this Department was authorized
to conduct, during the fiscal year 1898, an investigation of the rav-
ages of the gipsy moth. Accordingly the work was laid out for the
beginning of this fiscal year, so that a report on the subject might be
prepared as early as possible.

The work along certain general lines indicated in the foregoing
sections will be prosecuted. The Mexican cotton-boll weevil will be
carefully watched, and further efforts will be made to obtain Mexican
parasites. The investigation of insects injurious to shade trees,
insects affecting stored foods, insects affecting citrus fruits, geo-
graphica: distribution of injurious insects in this country, biblio-
graphical work, and experimental work with insecticide machinery
will all be continued. Another investigation will be made upon
the injurious grasshoppers of the far West. It is obviously impossi-
ble to anticipate the special subjects for investigation which it
may at any time become necessary to undertake. The beginning
of nearly every season brings some injurious species prominently to
the front, and when this species has not already been investigated,
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new work must be begun. There has long been need of a complete
practical bulletin on the subject of the Hessian fly. It is planned to
prepare such a bulletin. A similar work relating to the chinch bug
will also be prepared during the coming year. Experimental work in
apiculture comes properly under the head of ‘Entomological inves-
tigations,” and will be resumed under capable supervision. The
- honey-producing industry is a large and growing one, and deserves
some slight encouragement at the hands of the Government.

SEED DISTRIBUTION.

The appropriation of $150,000 for the distribution of seeds for the
fiscal year ending June 30, 1897, provided that $130,000 must be
expended for the purchase of seeds, leaving $20,000 for putting up
and mailing the same. The seeds were purchased already put up in
packages- and mailed from the different cities where the contracts
were held. The appropriation for the present fiseal year is $130,000,
of which amount $110,000 must be expended in the purchase of seeds.
The conditions of the law will require contracting with the smallest
possible number of seed houses. The purchase of bulbs, plants, cut-
tings, etc., must be paid from the remaining $20,000.

The spirit of the law requires that the seeds, plants, bulbs, etc., be
rare and valuable. Efforts are being made by the present Secretary
of Agriculture to spend the appropriation for seeds, plants, etc., by
purchases through agents and representatives abroad, through seed
houses and scientific associations. The Old World contains many
things that would be valuable to the New World. All this work, how-
ever, must be paid for out of the $20,000 appropriated and not required
to be expended for the purchase of seeds. The distribution of imported
seeds and plants to the several experiment stations throughout the
country and otherwise must be paid for out of the $20,000 fund. This
will necessarily circumseribe efforts in this direction. It is desirable
that more of the appropriation given for seeds should be available for
the introduction of what is new and rare.

SECTION, OF FOREIGN MARKETS.

The Section of Foreign Markets was instituted March 30, 1894, under
a clause in the act of appropriations for the Department of Agricul-
ture setting aside $10,000 for the purpose of making ‘‘ investigations
concerning the feasibility of extending the demands of foreign mar-
kets for the agricultural products of the United States.”

This appropriation has been expended chiefly in the preparation of
a series of bulletins and circulars designed to convey information
regarding such opportunities as exist for the extension of our export
trade in American farm products. During the period beginning with
the organization of the section in 1894 and ending June 30, 1897, eight
bulletins, relating to as many different countries, and 17 circulars,
devoted to special topics, were given to the public. :
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PUBLICATIONS RELATING TO CERTAIN COUNTRIES.

The countries treated of in the bulletins already issued are (1) the
United Kingdom of Great Britain and Ireland, (2) the German Em-
pire, (3) France, (4) Canada, (5) Netherlands, (6) Belgium, (7) Nor-
way, and (8) Sweden. KEach country is considered with a view to its
possibilities as a customer for the products of American agriculture.
To ascertain what these possibilities are, it is important, first of all,
to be informed as to the agricultural resources of the country under
consideration. A full account, therefore, is given of the extent and
character of the principal crops grown, and also of the number and
varieties of stock raised. This is followed by a careful review of the
country’s foreign commerece, and more particularly of its import trade
in agricultural produce, the purpose being to show how far the
national requirements exceed the home supply, making it necessary
to import from other countries. Official statistics are presented as
to the quantity of the various products annually imported and the
different sources from which they are received; and these facts are
accompanied by such information regarding customs duties and regu-
lations, equivalents of foreign moneys, weights and measures, rates
of exchange, etc., as may be of service to American producers in
quest of a foreign market.

Each bulletin is supplemented by a series of reports received through
the medium of the State Department from our consular representa-
tives stationed in the particular country concerned. The object of
these reports is to set forth such facts regarding the several consular
districts as are likely to assist in creating there a larger demand for
our products. With this end in view, they frequently give important
information as to the nature and quality of the goods preferred,
methods of sale, prices paid, means of transportation, ete., enhancing
thereby the practical value of the bulletins. "

OFFICE OF ROAD INQUIRY.

During the past fiscal year many important meetings have been
held in the several States and considerable information has been col-
lected for distribution. The literature of the office now numbers 20
bulletins and 15 circulars of information, which have been in much
demand. During the present spring and summer experiments have
been made, in conjunction with several of our experiment stations,
under the direction of the Director of the Office of Road Inquiry,
with such materials as were found in the localities where the experi-
ments were conducted. Many localities in the United States have not
the materials fit for making permanent roads, and for this reason
the office has endeavored to promote experiments in steel roadbeds.
Two sections of roads were built at the Agricultural College experi-
ment station in New Jersey during the month of June. A piece of
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road 14 miles long was also built at Geneva, N. Y., connecting the
experiment station with the city.

In response to circulars sent to the principal steel manufacturers
in the United States, various plans of construction have been offered.
It has been well demonstrated that a well-designed steel trackway
can be successfully built and profitably ‘maintained, especially in
localities where other materials are scarce. The considerable expense
invglved in preparing special shapes of rails has prevented much
experiment in this direction heretofore; one company, however, is
disposed to aid in the matter whenever a definite order for 1 mile
of road shall be received. The cost of material -for a mile of road
will be $3,500. Heretofore the Director of the Office of Road Inquiry
has succeeded, by the expenditure of a minimum amount of Govern-
ment money, in induecing local representatives to contribute consid-
erable amounts to these road-building experiments.

DIVISION OF AGROSTOLOGY.

The work of this division, as authorized by Congress, is the inves-
tigation of grasses and forage plants, embracing all points relating to
their natural history, geographical distribution, uses, and adaptability
to special soils and climates. The law also authorizes the establish-
ment and maintenance of experimental grass stations and the employ-
ment of necessary labor and purchase of supplies for carrying on the
work. There are two grass gardens maintained by the division. One
is located on the grounds of the Department of Agriculture and the
other at Knoxville, Tenn. During the past fiscal year between 400
and 500 varieties of forage and grass plants were sown on the grounds
of the Department, furnishing an interesting object lesson to the people
and an opportunity for study by scientists. The seeds were procured
through the collections of field agents and by exchanges with foreign
countries.

The grass garden at Knoxville embraces about 7 acres of ground,
and cultures there are conducted upon a more extensive scale. More
than 200 varieties were grown in this garden during the past year.
The design of the Knoxville garden is to obtain information which
will be useful to the Southern States relative to grasses for pastures
and meadows.

FORAGE PROBLEMS IN THE CATTLE RANGES.

There is especial necessity for the study of forage problems
throughout the southwest portion of the United States, including the
States of Texas and Kansas, and the Territories of New Mexico and
Arizona, giving special attention to the native grasses and forage
plants, their abundance and value, their preservation and the possible
methods to be employed in restoring the grazing value of those
regions which have become valueless through overstocking or other
causes.
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The Division of Agrostology has placed itself in communication
with such parties as are interested in improving the forage conditions
of the Southwest for the purpose of gaining, first, a more definite idea
of the present conditions, and second, how best to improve these con-
ditions. There is a deep interest among the people of the Southwest
in this work. More than 1,000 answers have been received from cir-
culars sent out, seeking information regarding actual conditions.
The division has also given attention to similar conditions in the Dako-
tas, Wyoming, Colorado, and adjoining States. Cordial cooperation
is had in the States mentioned with the scientists of the experiment
stations.

GRASSES FROM DRY REGIONS OF THE OLD WORLD.

The demand for new and improved forage plants which will grow
and thrive on the farms of the Southwest and Noz-thwest is continually
on the increase. The Secretary of Agriculture is now making efforts,
through agents in the Old World, to introduce grasses from regions
which are semiarid and that grow under other conditions that may
make them suitable for these localities. A system of exchange is
being carried on with scientists in Australia, Algeria, northwest
India, and with the botanical gardens of several of the countries of
the Old World.

Careful study is given to the adaptability of certain plants to special
soils and climates throughout all the States. Propagation of sand and
soil binding grasses, those best suited for the formation of turf in
numerous places along our seaboard and Great Lakes, which will
prevent the movement of drifting sands, is a subject that has received
the attention of the division.

GARDENS AND GROUNDS.

The collection of plants in the conservatory proper is mostly of
those having economic value, and serves as a nucleus from which
selections are made of such as appear to merit propagation for experi-
mental purposes and introduction as industrial plants, if a suitable
climate can be found for their growth.

Attention is given to the growth and propagation of the pineapple,
the citrus family, olive trees for the production of cuttings, and for
other similar purposes. About 20,000 various ornamental plants are
propagated annually to supply the flower garden and flower beds on
the Department grounds.

DISTRIBUTION OF PLANTS.

The distributions during the last fiscal year consisted mainly of
36,500 strawberries, 7,000 native and foreign grapes, 3,900 olive plants,
2,900 camphor trees, 4,000 fig cuttings, and a large number of plants
such as guavas, cinnamon, pepper, citrus, vanilla, coffee, ete.
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The United States imports large quantities of plants and plant prod-
ucts that might be produced in our own country. As many of these
as possible will be propagated under the direction of the Superintend-
ent of Gardens and Grounds and distributed, in order to contribute
to our independence in this regard.

CAMPHOR AND OLIVES AS NEW CROPS.

The camphor plant may be taken as an example of the introduction
of a new crop. For more than twenty years the Department has been
distributing this plant in the extreme Southern States, first as a shade
tree and as a shelter to orange groves, and more recently as of very
promising industrial value. After all these years planters are now
taking a special interestin its culture, trees are in great demand, and
their value as economic plants will be properly tested.

With regard to future work exclusive of ordinary care of the
grounds and glass houses, the propagation of such economic plants as
may seem advisable will be continued. At present the olive is the
leading factor in propagation, as it is considered desirable to fully

.introduce and encourage olive culture in such of the Southern States
as seem suited to its profitable growth.

DIVISION OF SOILS.

The most important lines of work carried on during the past year
have been an investigation of the soils of Florida; a continuation of
the investigations of the principal tobacco soils of the United States;
the perfection of the electrical methods of determining the moisture,
temperature, and salt content of soils; the study of the moisture con-
tent of a number of the important soil formations of the country; a
continuation of the investigations of the physical properties of soils;
and the devising of methods for the practical study of soil conditions.

REPORT ON FLORIDA SOILS. -

A bulletin is in course of preparation on the preliminary study of
the soils of Florida, particularly those adapted to tobacco, truck, and
pineapples. A large amount of fieldwork was done in Florida in the
early spring and a great many soil samples were collected there that
have since been examined to determine their physical texture; a few
chemical analyses have been made by the Division of Chemistry to
throw light upon some of the problems presented. Records have also
been kept of the amount and daily fluctuation of the moisture in
typical hammock, high pine, and serub land in the State during the
season, and the results throw an important light upon the agricultural
value of the different soil formations of the State and the local dis-
tribution of the native vegetation.
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THE SOILS COLLECTION.

The soils collection of the Department amounts now to over 3,000
samples, from various parts of the United States and several foreign
countries, representing many of the most important soil areas of the
world. About one-half of these have been carefully examined. Many
of the results have been published, while others await the collection
and examination of more material, in order to develop special lines
of investigation or to write up the soils of special agricultural areas

or industries. )
WATER CONTENT OF SOILS.

Much time has been given, as heretofore, to the study of the water
content of various soils, to determine the normal quantity in soils of
different formations and of different agricultural areas as well as the
normal variation which may occur in the water content without det-
riment to the plants. The importance and bearing of this work can
only be really appreciated by seeing the relation of the soil moisture
to the general economy of plant growth.

Under ordinary circumstances the temperature of the air is a prime
cause of the evaporation or loss of water by plants; the relative humid-
ity of the air, together with the general atmospheric movements, con-
trols the evaporation, while the moisture of the soil supplies loss due
to evaporation. For a steady and continuous growth of plants there
must be a certain relation therefore between temperature, which is
the cause of evaporation, relative humidity, whieh is a controlling
factor, and soil moisture, which supplies the loss. It has been
possible to determine from the field records what may be called the
line of drought for a number of the important soils of the country.
This is the minimum amount of water which the soil must contain
under ordinary conditions of temperature and humidity in order that
the crop shall not suffer. This line of drought depends, of course,
upon the texture of the soil as well as upon the temperature of the
air, the kind of plant, and the stage of development. The texture
of the soil has an influence on this, because in a soil of fine texture,
made up mainly of clay and fine sand, the movement of water is quite
slow, and there must be a large quantity of water in the soil to insure
an adequate supply moving up to the roots of the plant to replace
that lost by evaporation. This explains the well-known fact that a
plant may thrive in one soil with 5 per cent of water, while it would
perish in another soil containing 15 per cent.

RECORDS TO ESTABLISH DROUGHT CONDITIONS.

The temperature and relative humidity of the air affect this line of
drought, because with a low temperature and a high relative humidity
there is comparatively little loss of water and a smaller supply in the
soil may be ample, while with a high temperature, unless this is bal-
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anced by a very high humidity, there will be a greater evaporation
from the plant and a larger amount of water will be needed in the
soil to insure an adequate supply to the plant. The kind of crop and
the stage of development will obviously affect the location of the line
of drought for any soil, as different plants require different amounts
of water, and this differs again according to the stage of the develop-
ment. The water supply of the soil is, therefore, a very important
factor in climatological studies. It is clearly possible to establish
approximately for any soil and for any crop the relation which must
at all times exist between the temperature, the relative humidity of
the air, and the amount of moisture that must be present in the soil
to maintain the balance. To this end records have been kept of the
amount of moisture in a number of the principal soil formations of
the country, some of the records extending over three or four seasons,
accompanied with careful notes of the daily condition of the soil and
of the plants.

MEASUREMENT OF SOIL MOISTURE.

The electrical method of moisture determination already described
‘in a bulletin issued by the division has been still further perfected.
Sixteen stations have been equipped with these electrical instruments
in various parts of the country and in several important types of soil.
Records have been kept at these stations for periods varying from two
to four months, and it has been found that the method can be used by
anyone with ordinary care. As a result of these field records, I feel
perfectly satisfied with the operation of the method, and equally sat-
isfied that it will prove of great value in soil investigations, as well as
of practical -and commercial value. One great value of the method
is that the electrodes are permanently buried in the field at any depth
desired and the field can be cultivated or cropped as usual. The elec-
trical resistance between the electrodes is read off from a scale, and
this resistance varies according to the square of the water content.
By once thoroughly standardizing the electrodes, therefore, and by
the use of tables which are furnished by the division, the moisture
content of the soil can be determined at any time from the electrical
resistance of the soil.

* INFLUENCE OF CULTIVATION ON WATER CONTENT OF SOILS.

Having perfected this method of moisture determination, in which
the moisture can be rapidly and readily determined successively at
the same point without any disturbance of the soil, it is possible to
study in a very satisfactory way the influence of different methods of
cultivation, of fertilization, and of irrigation upon the water content
of soils. This is a line of very practical work, made possible only by
the perfection of such a method as this. Plans are now under con-
sideration for an exhaustive study of the influence of methods of
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cultivation, fertilization, and cropping upon the water content of the
soil in different parts of the country.

PHYSICAL PROPERTIES OF SOILS.

Investigations are also being vigorously pushed on the physical
properties of soils and on practical methods of determining these in
the field. Some very important results have just been attained,
explaining more fully than ever before the real cause of the capillary
movement of water in soils. It has been found that this is due to the
curvature of the water surface between the grains of soil. In fine-
grained clay soils and in dry soils generally the curvature of the sur-
face of the water between the grains is very great. On account of the
great curvature of the surface there is a pressure outward, and a tend-
ency for water to be drawn into the spaces between the grains from
any other part of the. soil where there is more water and where the
curvature of the surface of the water between the grains is less. This
is the practical cause of the capillary movement of water in soils, upon
which plants depend for their current supply. Methods of cultiva-
tion and of fertilization have an influence on this, and investigations
will be continued along these lines to see the extent of the influence
of tillage upon the movement of the moisture in the soil.

DIVISION OF FORESTRY.

There is one economic question closely related to the general wel-

fare of our future rather than our present, which, I fear, has not
received adequate attention by our people or by Congress—the for-
estry question.
. It has become apparent that sooner or later a large line of manu-
facturing industries employing at present capital to the amount of
more than one billion of dollars, employing labor of more than one
million workers, and producing nearly $2,000,000,000 of value annu-
ally,will be more or less hampered for lack of suitable supplies because
of the absence of rational use and systematic reproduction of our
forest resources. In addition, our agricultural interests in the hill
country and mountain districts are bound to suffer, indeed are begin-
ning to suffer from the same cause, just as they have suffered in
other countries.

NEED FOR EXTENSION OF .FORESTRY INVESTIGATIONS.

The Department of Agriculture, through the Division of Forestry,
has with scanty appropriations endeavored to secure and disseminate
technical information needful in rational forest management. Ithas
also experimented on methods of tree planting with a view to an
extension of forest areas into the forestless regions which need the
shelter and protection of forest growth, and has increased our knowl-
edge of the properties of our timbers which might lead to desirable
economies in the future. :
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A more liberal consideration of this line of work by the Govern-
ment would seem justified by the magnitude of the interests involved,
~especially since with the establishment of forest reservations from the
public domain the need of technical knowledge in their management
has become a necessity.

It is well known that the agriculture of the far West is directly
dependent upon irrigation, the water of which is secured from the
forest-covered mountains. One of the chief purposes which the reser-
vations were designed to serve is the protection of this water supply.

OFFICE OF EXPERIMENT STATIONS.

The agricultural experiment stations, now in operation in every
State and Territory except Alaska, continue to carry on a large
amount of scientific and practical work giving results of great value
to American agriculture. They enjoy more largely than ever the sup-
port and confidence of farmers and horticulturists. A number of the
States have liberally supplemented the funds appropriated by Con-
gress for the maintenance of the experiment stations. During the
past year the revenues of the stations aggregated more than a million
dollars, of which $720,000 was received under the act of Congress of
March 2, 1887.

URGENT DEMANDS UPON EXPERIMENT STATIONS.

No country equals the United States in the liberality with which it
maintains institutions for agricultural research and in the thorough-
ness with which the results of their work are disseminated among the
people in whose interests they were established. So great has been
the success of our stations and so urgent have been the demands for
the information which they are able to give, that the calls upon station
officers for the preparation of popular bulletins and the delivery of
addresses at farmers’ meetings have in many cases been more than
it was possible for them to meet without endangering the success of
the original investigations which it was their first business to conduct.

DIFFICULTIES IN STATE STATION WORK.

While the farmers of the country may well congratulate themselves
on having such numerous and important agencies for the discovery of
new truths and the dissemination of useful information regarding the
practice of their art, they should not relax their efforts to aid the sta-
tions in advancing the efficiency of their work and securing the greatest
benefits to agriculture which can be obtained with the resources at
their command. Many of our experiment stations are doing all that
could reasonably be expected of them with the means and facilities
at their command, but in some cases, as the investigations made by
this Department have shown, the stations are hindered in their work
by causes which might easily be removed. Some of the difficulties
which the stations encounter grow out of the fact that the people are
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not sufficiently alive to their interests in this matter to insist that the
station work shall be performed in accordance with a consistent and
permanent policy. It is obvious that thorough agricultural investi-
' gations can not be made if the plans and personnel of the station are
being constantly shifted. This fundamental fact has been too fre-
quently overlooked by appointing officers and boards of control. Fit-
ness and ability to carry on successful investigations should be the
fundamental qualifications for station officers, and when competent
" men are once obtained, they should be made secure in their positions
and supported in their efforts to plan and carry out thorough experi-

ments.
- PROPER USE OF EXPERIMENT STATION FUNDS.

The funds appropriated by Congress for the experiment stations are
intended solely for the carrying on of agricultural investigations and
the publication of the results. The stations are by law made depart-
ments of the land-grant colleges, but it was not intended that any
part of the station funds should be used for the payment of the sala-
ries of the teaching force or for any other general college purposes, nor
that the expenses attendant upon the management of farms or dairies
for other than experimental purposes should devolve upon the stations.
It is evident that in some cases the college has encroached upon the
station, and there is still need of greater care in this matter. Itis
the duty of all institutions receiving the benefits of the land-grant
and Morrill acts to make ample provision for the maintenance of the
courses in agriculture without in any way diminishing or diverting
the funds which should be devoted to the experiment stations.

The stations should confine their operations to such lands and herds
as are actually required for the carrying on of experimental inquiries”
in a few lines determined upon as best adapted to promote the inter-
ests of agriculture in their respective States.

EXPERIMENTS FOR ALASKA.

Recent events have greatly augmented the importance of active
measures to develop the agriculture of Alaska. The information
recently received from unofficial sources, as well as that previously
gathered by officers of the Government, seems to make it clear that it
will be practicable to develop the agriculture of that region so that it
may furnish food supplies and beasts of burden for a considerable
population. The development of agriculture in this region, as else-
where, can undoubtedly be greatly promoted by experimental inquiries
conducted systematically under the supervision of expert officers. I
would therefore urge that the appropriation for investigating the
agricultural resources and capabilities of Alaska be continued and
that provision be made for carrying on experiments in that region
in case the official inquiries now in progress there seem to make this
desirable.

4 A97T—4
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WORK OF THE ALASKA COMMISSION.

In obedience to an act of Congress, a commission consisting of Mr.
Benton Killin, a member of the board of regents of the Oregon Agri-
cultural College, and a man thorouglily familiar with the agrieultural
eonditions on the Pacific Coast, and Dr. W. H. Evans, botanical
expert of the Office of Experiment Stations, was dispatched to visit
the coast and island region of Alaska from its southern boundary as
far north as Unalaska. They were instructed to observe the agricul-
tural conditions existing in places visited, the possibilities of further
extensions of arable land, and the native plants used for food and
forage; to make collections of soils, and of food and forage plants,
and to determine as far as practicable what localities are suitable
for experiments in agriculture and what kind of experiments seem
immediately feasible and desirable.

This commission started for Alaska about the 1st of June, and brief
preliminary reports thus far received indicate that it is successfully

-Pprosecuting its work. It is definitely expected that a report of its
findings can be prepared so as to be transmitted to Congress during
its eoming session. Through the courtesy of the honorable Secretary

_of the Interior and the Commissioner of Education, the services of
Dr. Sheldon Jackson, superintendent of Government schools in Alaska,
‘were secured to investigate the agricultural capabilities of the Yukon
Valley. Dr. Jackson is to perform this service in connection with the
annual inspection of the Alaska schools, in which he is now engaged,
and his report may be expected at the same time as that of the com-
mission.

BOTANICAL INVESTIGATIONS.

At least $6,000,000 is paid annually to foreign countries for miscel-
laneous agricultural plant products which are grown in a temperate
climate. A systematic attempt has been begun to give our farmers
full information how to grow such produets and where to sell them.
Many of these small crops should prove valuable additions to the
resources of our farming people, especially in sections where there is
an overproduction of staple crops, or where farm labor is'cheap. The
success of similar enterprises in the past demonstrates that they may
be made into profitable local industries, and a rational prosecution of
thisline of investigation is expected to show that in a country of such
varied climatic conditions we can match the requirements of almost
any cultlva.ted plant of the temperate zone.

INQUIRIES FOR NEW CROPS.

Judging from the large number of letters received by the Depart-
ment asking for information about the cultivation of new or little
known crops, the farmers of the eountry are ready, in view of the

‘generally lessened profits on staple farm products, to follow any
promising suggestions made by the Department in this direction. As
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the beginning of an effort to meet this demand, an investigation has
been undertaken of the subject of chicory cultivation. This country
'1mports about $250 000 worth of chicory root per annum, which is
used as a coffee substitute and adulterant. There is now every pros-
pect that chicory will be made a profitable farm product in the United
States and that this amount of money will go into the pockets of
American instead of European farmers.

In connection with seed distribution two important series of experi-
ments are in progress. . First, a practical test of scientific purity and
vitality by which the high quality of all the seeds sent out is assured,
and second, a field test of the new varieties offered to the Depart-
ment by which their value and standing as new and important intro-
ductions into agriculture may be deﬁmtely ascertained before large
purchases are made.

DIVISION OF POMOLOGY.

The correspondence which devolves upon this division in relation
to the adaptability of varieties for planting, methods of propagation,
planting, pruning, and cultivating fruit trees and plants and market-
ing their produet consumes a large portion of the time of the Pomolo-
gist or his assistant and prevents much work of original investigation
in relation to the fruit industry which is highly important. A large
part of this correspondence grows out of the receipt of specimen fruits
sent by growers for examination or identification, and its value to the
fruit growers of the country is recognized. Provision should there-
fore be made for its continuance without encroachment upon work
which is more strictly scientific and progressive.

Descriptions of more than 550 fruits have been added to the files of
the division during the year and 175 water-color paintings, 100 photo-
graphic negatives, and about 200 wax models of fruits have been made.

EXPERIMENTS WITH FIGS.

Large sets of fig cuttings from the collection furnished to this De-
partment in 1894 by the Royal Horticultural Society of England have
been placed in 10 of the Southern States for testing. Small trees of
¢ (orsican” citron have been placed with more than 100 fruit growers
in California and Florida, and 350 seedling trees of Chinese persim-
mon, grown from seeds obtained from Peking, were distributed to grow-
ers who gave them a careful test. Scions of 18 varieties of apples of
New Zealand and Australian origin, received through the kindness
of the Pomologist of New Zealand, were distributed in June, 1897, to
a number of growers for testing. Seeds of the ‘“‘rough lemon” of
Jamaica, valued in that island as a stock for orange trees, were also
distributed.

Work on the Descriptive Card Catalogue of Fruits has been con-
tinued during the year, and the usefulness of the catalogue as a work
of reference has been fully demonstrated.
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TEST OF METHODS OF ROOT GRAFTING.

The nursery period of a comparative test of methods of root grafting
the apple was completed during the year. The trees resulting from
it were distributed to experiment stations and private planters in sev-
eral States, where they can be kept under observation during the
orchard period, to determine the effect of the methods of propagation
upon vigor, productiveness, and longevity.

In addition to work already under way, it is important that a sys-
tematic effort in the preparing of maps which will show the areas
where the principal fruits grown in the country are capable of being
commercially produced shall be begun, and that certain fruit-producing
species, which are believed to be adapted to cultivation here, either
as stocks or for their fruit, shall be introduced from foreign countries.

PUBLICATIONS.

"By the organic law creating the Department of Agriculture one of
the chief duties of the Department was defined to be to ‘‘ diffuse among
the people of the United States useful information on subjects con-
nected with agriculture in the most general and comprehensive sense
of the word.” It is evident that to realize to the fullest extent the
benefit of the continued and diligent research and investigation of
the scientific questions affecting agriculture, which occupy the time:
of a large portion of the officers and employees, the information thus.
obtained must be promptly and widely diffused, and it is my earnest
desire to fully comply with the law in this regard.

INADEQUACY OF PUBLICATIONS FOR GROWING DEMAND.

The publication work of the Department has attained extraordinary
proportions. The number of publications issued during the past fis-
cal year is 424, aggregating over 6,500,000 copies. This is over 100
per cent more publications and over 100 per cent more copies than
were issued in 1894, and yet, notwithstanding great improvements in
the method of distribution by avoiding duplication and by placing the
various publications, as far as possible, in the hands of those only by
whom they are chiefly needed, the increased supply is found quite
inadequate to meet the increased demand. Thousands upon thou-
sands of persons earnestly desirous of procuring the information these
pubhcatlons are designed to convey have to remain ungratified. The
growing demand for the publications of this Department is strikingly
manifested in two important particulars—on the one hand by the large
sale of the Department publications by the Superintendent of Docu-
ments, under the provisions of the law providing for the printing and
binding, approved January 12, 1895, the number of publications of
this Department so sold amounting to 13,000, an increase over the
year previous of more than 10,000; on the other hand by the increased
demand by Members of Congress for publications of this Department
to distribute to their constituents.
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GROWTH IN NUMBER OF PUBLICATIONS DISTRIBUTED.

Of the total number of copies of all publications issued by the
Department during the five years ending June 30, 1897, and amount-
ing to over 23,000,000, over 6,500,000 have been turned over to Sena-
tors, Representatives, and Delegates in Congress for distribution by
them; and of this vast number, 5,500,000 were so turned over in the
past three years and nearly 2,500,000 of that number, or about 45 per
cent, during the last fiscal year.

Number of publications issued during five years ending June 30, 1897.

Distrib-
Total uted to
copies | Members
issued. of Con- -

Publica- | Farmers’
Year. tions. | bulletins.

gress.
200 |eeaenn. 2,689,084
205 |"7278,500 | 3,169,310 } - 089,468
254 | 1,567,000 | 4,100,660 | 1,385,770
376 | 1,891,000 | 6,561,700 | 1,816,695
424 | 2)367,000 | 6,541,210 | 2,467,287
B T S 1,460 | 6,128,500 | 23,061,964 | 6,659,170

CALL FOR AN INCREASE OF APPROPRIATION.

‘With the exception of the sum allowed for the printing and distri-s
bution of Farmers’ Bulletins, there has not only been no increase in
the total appropriations for the Division of Publications during the
period of five years covered in the foregoing table, but the amount
available is actually less now than then, notwithstanding the fact that
between the first and last years of that period the number of publi-
cations issued was more than double and the total number of copies
issued had increased by nearly 4,000,000. A large amount of extra
work—that is, work performed outside of the usual office hours—has
therefore devolved upon the division force; while, in order promptly to
distribute the enormously increased number of publications without
any adequate provision for an increase in the force, it has been nec-
essary to constantly draw upon the force of other divisions. While
this may be justified on the ground that all divisions are interested in
this work of the distribution of documents and are served by its effi-
cient performance, it interferes seriously with a systematic arrange-
ment of the clerical force and tends to interrupt the regular work
of other divisions. A large increase has therefore been asked for in
the appropriation for the work of publication, both of the regular
printing fund and also for Farmers’ Bulletins and for the distribution
of bulletins, reports, and other documents for the ensuing year.

CONGRESSMEN’S QUOTAS OF BULLETINS REDUCED.

The want of adequate appropriations for the current fiscal year has
compelled me regretfully to reduce the number of Farmers’ Bulleting
available for Members of Congress, notwithstanding the continued
demands made upon the Department for an increase in this direction.
The figures above given, showing the large proportion of publications
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distributed through Members of Congress and the rapid increase in
the number distributed through this channel in the past three years,
afford ample evidence that it is only by greatly enlarging our facilities
in this respect that Congress will enable me to supply the urgent
demand of its own Members.

DISPOSITION OF FUNDS DERIVED FROM SALE OF DOCUMENTS.

The large increase in the sale of the publications of this Depart-
ment by the Superintendent of Documents, and the frequent calls
made by that officer for additional copies of publications of which his
sales have exhausted the supply, suggest that the moneys received by
him for the sale of our publications should be made available for the
reprinting of such as are thus exhausted, and for which the demand
still continues. So far as possible, the Superintendent of Documents
has been supplied in such cases with alimited number taken from the
:small reserve for official use at the Department, authorized under the
law of January 12, 1895, and whenever a reprint has become neces-
gary for our own use a certain number of the reprinted copies have
been placed at his disposal, but it does not seem right that from a
printing fund barely adequate to supply our wants money should be
.taken to pay for additional copies to be sold by the Superintendent of
Documents, and the proceeds handed over to the Treasury. I there-
fore earnestly recommend that the law of January 12, 1895, providing
for the public printing and binding be so amended as to provide for
the setting aside of the moneys 8o received for Department publica-
tions, subject to the joint order of the Secretary and the Superin-
tendent of Documents for the reprint of Department publications
for sale.

HURTFUL RESTRICTIONS REGARDING PUBLICATIONS.

Other amendments to the law of January 12, 1895, are very urgently
needed. The provision under section 89, by which the discretion of
the Secretary of Agriculture asto the number of copiesof the reports
and bulletins he desires to print is restricted to ‘‘ reports and bulle-
tins containing not to exceed 100 octavo pages,” and which limits the
editions of all publications exceeding that size to 1,000 copies in any
one fiscal year, should be promptly abrogated. This limitation con-
flicts directly with the organic law creating the Department, providing
for the diffusion of the information it acquires for the benefit of agri-
. culture. In that respect this Department differs materially from other
Departments of the Government whose publications are issued largely
for official use. When it is remembered that this Department is com-
pelled to maintain an exchange list with many hundred scientific and
educational institutions in foreign countries, to distribute its publica-
tions freely to all agricultural colleges and experiment stations, and to
the specialists engaged in these institutions, and that every division,
other than those engaged in purely administrative work, is obhged to
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maintain a corps of scientific and expert correspondents, most valu-
able coadjutors in carrying oa our work, but receiving no pay and
getting no acknowledgment except in the distribution to them, free
of charge, of the publications in which they are specially interested, .
it will be readily understood that there is not a single publication of
this Department of which we do not need more than 1,000 copies,
even when the circulation thereof is not extended beyond what may
be termed official use. Cases have occurred where the number of
persons supplying valuable information and responding at the cost of
no little time and trouble to circulars of inquiry addressed to them
by the Department has largely exceeded 1,000, and these have,
therefore, been deprived of the simple courtesy of a copy of the
publication to which they had themselves so cheerfully and largely
contributed. In nearly every case where this limitation has been
imposed upon us the value of the work has occasioned a considerable
call upon the Superintendent of Documents from parties perfectly
willing to pay for the book, but whom it has, of course, under this
embarrassing limitation, been impossible to gratify.

REPRINTS AFOR PRIVATE INDIVIDUALS.

One other restriction now imposed under the law of January 12,
1895, should also be withdrawn. This is the limitation prescribed in
section 42 of the act in question, which limits the number of copies
of any bulletin which the Public Printer may furnish to applicants
giving notice before the matter is put to press to ‘“250 to any one
applicant.” It has frequently happened that the work of the Depart-
ment in promulgating useful information would have been widely sup-
plemented by various organizations interested and without expense to
the Government had this limitation not existed. In other cases a
little deception has defeated the purpose of the law, as it is only
necessary for a party desiring 1,000 copies to send in four orders
-wnder different names for 250 each. It is earnestly to be desired that
this limitation should be withdrawn, and that it should be left to the
discretion of the Public Printer to decide what number of copies he
can supply under certain circumstances, providing the request of the
applicant be indorsed by the head of the Department from which the
desired publication is issued.

INCREASE DESIRED IN DEPARTMENT QUOTA OF YEARBOOKS.

As far back as 1888, when there were but one bureau and eleven
divisions reporting to the head of the Department, then Commissioner
of Agriculture, and when only 400,000 copies of the Annual Report
were printed, 30,000 copies were set aside for the use of the Depart-
ment. In 1889 the Department quota was reduced from 30,000 to
25,000, and remained at the latter figure until 1892, when the total
number of copies of the Annual Report was increased from 400,000 to
500,000, and the Department quota was restored to the former figure
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of 30,000. Since that time these figures have remained unchanged:
In the meantime the far more popular form of annual report, viz,
the present Yearbook, has been adopted, and the correspondents and
coworkers of the Department have greatly increased. The agricultu-
ral experiment stations have been established throughout the country
with a special officer representing their interests in the Department,
whose requisition for Yearbooks to supply the colleges and stations
and the specialists engaged therein and corresponding institutions
abroad, covers over 1,800 copies of this publication. In place of one
bureau we now have two, the added one—the Weather Bureau—call-
ing for over 3,000 Yearbooks to supply its voluntary weather observers
alone, and both bureaushaving largely increased their sphere of work
and the number of their correspondents. In place of eleven divisions
reporting directly to the head of the Department there are now eight-
een, and one of these alone, namely, the Division of Statistics, has
quadrupled the number of its correspondents. The foreign exchange
list of the Department has also more than doubled since 1888. Undér
these circumstances, I am compelled to recommend most urgently that
the Department quota of the Yearbook be increased to 50,000 copies,
at least.
DIVISION OF STATISTICS.

The preparation of monthly reports concerning the condition, acre-
age, and production of certain produects of the soil and the number
and value of farm animals has been the principal work of this divi-
sion during the year. These reports have been based on returns
reeeived from a corps of 56,700 regular correspondents, reporting
monthly, and 140,500 special correspondents, reporting at partieular
seasons of the year.

In addition to the monthly crop reports, the number of coples of
which ranged during the year from 172,500 to 200,000 per month,
special reports to the number of 325,000 copies were also published.

IMPROVEMENT IN CROP REPORTING.

I am impressed with the extreme cumbrousness of the system of
crop reporting that has been in use in this division during the last
few years. Instead of conducing to completeness and accuracy, it
would appear from the report of the Statistician to in some measure
defeat its own object by its unwieldiness and by the fact that the
indefinite multiplication of crop reporters weakens the sense of indi-
vidual responsibility. I strongly favor the making of some slight
pecuniary acknowledgment of the services of a carefully selected
corps of correspondents located mainly in the principal agricultural
States, and that reliance be placed upon the-State statistical agents
for information regarding the States of minor agricultural importance.

So marked is the geographical concentration of agricultural pro-
duction in the United States that twenty-five States, or just half the
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total number, produce 98 per cent of the cotton, 95 per cent of the
corn, 95 per cent of the barley, 93 per cent of the oats, and from
eight-tenths to nine-tenths of the wheat, rye, buckwheat, tobacco,
potatoes, and hay produced in the entire country.

NEED OF QUALIFIED AGENTS IN EVERY STATE.

It is clear, therefore, that the making of satisfactory provision for
crop reporting in twenty-five States would leave only a very small
part of the total production of the principal crops to be reported upon
exclusively by State agents.

That the Department should have a principal statistical agent in

-each State in place of the present unsatisfactory plan of State group-
ings is, it seems to me, an obvious requirement. It has been the rule
of the Department until within the last two or three years to have.a
separate statistical agent in each State, in order that it might have
the advantage of his superior local knowledge. The Department’s
increased dependence upon these officers renders it doubly important
that they should possess all the qualifications necessary to the proper
performance of the duties required of them, and unless the best men
are selected, the Department’s crop-reporting system will be weakened
instead of strengthened by their appointment.

DISTRIBUTION OF CROP REPORTS.

In this, as in every other branch of the work of the Departmeng,
the question how the farmer may be made to receive greater benefit
than heretofore from the collection of information designed primarily
for his use is being carefully considered. The printing and distribu-
tion of the monthly crop reports have been considerably expedited
within the last three months, and it is hoped that within a short time
they will reach the farmer still more promptly.

As a further means of placing him in possession of important infor-
mation at the earliest possible moment, it is suggested that brief
reports as to the general condition of crops and the state of the mar-
kets at home and abroad may be displayed in rural post-offices. It
has been ascertained that this can be done at a very small expense,
and such an arrangement is in contemplation.

ACCOUNTS AND DISBURSEMENTS.

Including the sum of $720,000 for agricultural experiment stations,
Congress appropriated to the Department of Agriculture for the fiscal
year ending June 30, 1897, $3,168,532.

‘While the appropriation for the agricultural experiment stations is
included in the act making appropriations for the Department, the
money is paid quarterly directly to the 48 experiment stations, as pro-
vided by the act approved March 2, 1887. The expenditures from
this fund are, therefore, not considered in the following statement of
Department expenses.
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Of the amount appropriated for the fiscal year 1897, $2,146,044.23
was disbursed prior to July 1, 1897. There remained on that date
unpaid bills aggregating $184,000.- When these shall have been paid,
the total expenditures from the appropriations for the year 1897 will
be, in round numbers, $2,330,000, leaving a final balance to return to
the Treasury of about $118,000. The total amount paid out during the
year was $2,306,365.36, including $1,488.10 for supplemental accounts
of 1895 and $159,836.57 for those of 1896.

CONCLUSION.

~ This brief summary of the work of the Department will give pro-
ducers an outline of the comprehensive scope of its efforts to help
observers and investigators where ways and means for prosecuting
research into nature’s unknown secrets are beyond their reach. It
is in sympathy with the colleges and experiment stations endowed by
Congress, endeavoring to help and encourage, while avoiding all
appearance of dictation or meddling. The Department is now the
most comprehensive repository of scientific facts regarding agricul-
ture in all its relations to mankind, and a publisher of this kind of
information more extensive than is found anywhere else. The work
of the Department grows with the diversification of production and
manufacturing on the farm; asthe extension of commerce by improved
and cheapened transportation brings our people into competition with
few countries and new conditions; as the magnitude of our crops,
seeking new markets, increases and our flocks and herds multiply
and enter into home and foreign commerce. It advocates the interests
of the American farmers when their exports are diseriminated against
in foreign countries, and endeavors to serve them from a national
standpoint whenever occasion requires or opportunity presents.

The time is auspicious for pushing the work of the Department of
Agriculture. The people’s President, now executing the laws of the
Republic and guiding its policies, sympathizes with those who toil in
the field, the factory, the forest, and the mine. He is solicitous that
the Department become useful to all sections of our country, to the
end that the greatest possible assistance may be given rural home
makers.

I am glad to testify that the spirit of improvement and progress is
more general among American farmers than ever before; that the
necessity of education along lines pertaining to economic production
is more fully recognized, and that the farmer’s home is becoming more
and more the seat of comfort, the center of intelligence, virtue, and
happiness, the source of strong men for all vocations, and the sure
safeguard of the Republic.

JAMES WILSON,

Secretary.
‘W ASHINGTON, D. C., October 28, 1897.
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WORK OF THE DEPARTMENT FOR THE FARMER.

The papers in this section of the Yearbook were prepared by spe-
cial direction of the Secretary of Agriculture in accordance with the
instructions contained in the following letter, a copy of which was
addressed to the chiefs of the various bureaus, divisions, and offices
“‘ outside of those that are purely administrative:”

U. S. DEPARTMENT OF AGRICULTURE,
OFFICE OF THE SECRETARY, .
Washington, D. C., September 18, 1897,
" Sir: It is my desire that, in addition to such other suitable articles as may be
necessary, the forthcoming Yearbook, 1897, should contain an article from each
chief of bureau, division, and office outside of those that are purely administra-
tive, which shall set forth in plain terms the relation of the work of his burean,
division, or office to the farmer. The existence of the Department is justified
precisely so far as it aids the farmer to be a successful farmer, and my desire is
that the article called for should present clearly to the reader just how the division
of the work in your charge achieves that purpose. Let it be such a paper as you
would prepare to present to a body of farmers of average intelligence, or before a
committee of Congress inquiring into the purpose, character, and practical utility
of your work.
* * * * * * *

Very respectfully, -
James WILSON, Secretary.

THE WEATHER BUREAU.
By WiLLis L. MooRE, Chief. ‘
INTRODUCTION.

The work of the Weather Bureau of the Department of Agricul-
ture in its relation to praetical agriculture may be divided, for the
purpose of deseription, into the following classes:

(1) The forecast service for predicting storms, cold waves, and frosts.

(2) The river and flood service for predicting floods.

(3) The climate and crop service for recording and presenting the
details of climate and the weekly and monthly conditions of crops.

In his first and second annual reports (1862 and 1863) the first
Commissioner of Agriculture, Hon. Isaac Newton, dwelt on the vital

importance of the weather and climate to the community at large
59
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and especially to the agriculturist. But it was not until February 9,
1870, that Congress was induced to inaugurate a tentative weather
service. For twenty years after that date the work was carried on
by the Chief Signal Officer of the Army as the meteorological division
of his office. Finally, by the act of October 1, 1890, the Weather
Bureau, as such, was officially recognized and was transferred to the
Department of Agriculture, the general details of its organization
being defined in that act.

The Weather Bureau now has 150 fully equipped meteorological
stations, with from one to ten employees each; 253 stations especially
equipped for the display of danger warnings to mariners; 261 stations
for the making of daily telegraphic reports of temperature and rain-
fall in the cotton, corn, and wheat regions; over 3,000 stations where
volunteer observers make daily records of temperature and rainfall
with standard instruments, and about 10,000 crop correspondents who
report weekly to State centers.

"To give notice of the approach and force of storms seems to have
been espécially in mind by those who in 1870 framed the act of Con-
gress defining the work. All the other details have been added year
- after year, until now the weather service has probably five times as
many employees as during the first- year of its establishment, and
does twenty times as much work annually as was done then. '

THE STORM-WARNING AND FORECAST SERVICE.

PROGRESS OF PRACTICAL METEOROLOGICAL SCIENCE.

‘While the practical application of meteorological science to the
making of weather forecasts can never reach the degree of accuracy
attained by theoretical astronomy in predicting the date of an eclipse
or the return of a comet, yet such substantial progress has been made
during the last century as to seriously engage the attention of thought-
ful man and cause him to make special effort to use the knowledge
already gained for- the benefit of awrlculture, commerce, and the
general industries of the world.

Practical meteorology is to some extent a tentative work. It may
be placed upon a plane with the theory and practice of medicine and
surgery. The forecaster isin a great degree guided in his calculations
by symptoms, and he is able to diagnose, by means of the daily mete-
orological chart, the atmospheric conditions with about the same
degree of accuracy that the physician is able to determine the bodily
condition of the patient. He is able to forecast changes in the weather
with rather more certainty than the skilled physician can predict the
course‘of a well-defined disease.

THE SYSTEM OF COLLECTING OBSERVATIONS AND MAKING FORECASTS.

The system by which the Weather Bureau collects meteorological
observations and makes weather forecasts may be briefly described as
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follows: At 8 o’clock in the morning, Washington time (which, by the
way, is about 7 o’clock at Chicago, 6 o’clock at Denver, and 5 o’clock
at San Francisco), the observers at about 150 meteorological stations,
scattered throughout the United States, all thoroughly equipped with
standard instruments, take an observation of all of the elementary
conditions of the air at the bottom of the great aerial ocean in which
we live, which, by its variations of heat and cold, sunshine, cloud, and
tempest, affects not only the health and happiness of man, but also
his commercial and industrial welfare.

By 8.25 a.m. the necessary mathematical corrections have been
made, the observations have been reduced to cipher, and each has
been filed at the local telegraph office. During the next thirty or
forty minutes these observations, having the right of way over all:
telegraph lines, are transmitted to their destination, each station.
contributing its own report and receiving in return, by an ingenious
system of telegraphic circuits, such data from other stations as if.
may require. The observations from all stations are received at
Washington, Chicago, New York, and other large cities; and nearly all
cities having a Weather Bureau station receive a sufficient number of
reports from other places to justify the issue of a daily weather map.

When the observations have been received at the central office in
Washington and their results charted, showing the location of the .
storm centers, the high-pressure or cold-wave areas, the regions of
rainfall during the past twelve hours, the areas of high and low tem-
perature, the fluctuations in pressure and the changes in temperature,
and the direction and motion of upper and lower clouds, the forecast
official gets a bird’s-eye view, not only of the exact conditions of the
air over the whole country at the moment of taking the observations
one hour before, but of the changes which have occurred in those
conditions during the preceding twelve hours. A discussion of the
general principles which guide the forecaster in arriving at his con-
clusions, however, is reserved for the concluding part of this paper.

UTILITY OF FORECASTS TO THE FARMER.

A knowledge of the weather on the morrow is of undoubted advan-
tage to all persons engaged in outdoor pursuits. '

The farmer, by familiarity with all kinds of weather, naturally
becomes somewhat expert in foretelling, by a few hours at least, the
approach of rainy weather. Left to hxs OWn resources, he is by no
means a bad weather prophet.

The local rains of summer frequently surprise him with his hay down,
where possibly a little extra exertion would have housed the crop. The
information that local rains for his State or district are probable,
together with the indications that every intelligent farmer can read
from the appearance of the sky, should serve to put him on his guard
against loss by rain.
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The general farmer probably has less occasion to consult the fore-
casts than the truck grower or those who may be engaged in the pro-
duction of a single crop, such, for example, as cotton, tobacco, sugar
cane, ete.

The region devoted to the production of fruits and vegetables
embraces a large portion of the Middle and South Atlantic seaboard
and the Gulf States. In thislarge territory accurate warnings of kill-
ing frost in the late fall and early spring are of very great value. It
is also important to know, especially after February 1, when there
is likelihood of the temperature of nighttime falling to 40° F. The
‘Weather Bureau performs a valuable service in distributing informa-
twn in this respect.

-The cranberry districts, though comparatively small, also receive
valuable aid from the Weather Bureau in times of frost and cold
weather.

Sugar cane is often killed or severely injured by frosts in October
and November. Warnings of expected frosts enable planters to cut
the canes and pile them in rows, sothat the leaves of one tier cover.the
‘butts -of another, in which condition the canes will keep for several
weeks without injury.

In the tobacco-growing disfricts warnings of heavy rains and high
winds are valuable after transplanting. So also, warnings of frost
during September and October will frequently enable planters to save
themselves from financial loss. .

METHODS OF PREVENTING OR MINIMIZING INJURY FROM FROSTS.

Mr. W. H. Hammon, forecast official, has made an intelligent study
of the methods of preventing or minimizing injury from frost. In
his report, from which several ideas are copied in this paper, it is
stated, among other things, that ‘“‘radiation takes place more rapidly
when there is nothing to obscure the sky. Clouds or any other obstrue-
tion aet as a screen to retard it. It takes place more rapidly from the
surfaces of plants, ete., than it does from the air above them, so that
on still nights these surfaces are frequer ily cooled several degrees
below the temperature of the surrounding air, and frost may form on
vegetation although the air a foot above be several degrees above the
freezing point.

- -*“One important principle to be considered in the study of the con-
ditions under which frost forms is the increased density of the air as
its temperature is lowered. Owing to this principle the air, on calm
nights, arranges itself in accordance with its density. The heavier
eold air rests on the surface and surrounds the plants and trees, thus
increasing their liability to injury. Frequently a thermometer close
to the ground will read 5 or 10 degrees lower than one 8 or 10 feet
higher. This principle causes the air on slopes, as it becomes chilled
by radiation, to flow down into the valleys, where it accumulates,
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thus frequently causing severe frosts in the lowlands while the hill-
sides remain uninjured. It is for this reason that frost does not so
readily occur on windy nights, since the wind mixes the air to a more
uniform temperature throughout and causes that near the ground to
be warmer than it otherwise would be.

“‘In selecting locations for orchards or gardens, avoid so far as pos-
sible placing the tenderest plants on low ground, especially in the
‘bottoms of narrow valleys with high hills on either side. In addition
to the loss of their own heat by radiation, these valleys will become
filled .on frosty nights with the air that has been cooled on the slopes
and has then flowed downward into the bottoms. Bottom lands oppo-
site the mouths of canyons should be especially avoided for the same
reason. The converse of this is true, that plants on gentle slopes are

_ less liable to injury than those on bottom lands.

‘“Slopes facing the south are preferable to northern slopes, because
they receive the rays of the sun more directly and for a longer period.
‘Slopes facing the west are to be preferred to those with an eastern
exposure, since they receive heat longer in the afternoon; and being
shaded for a time in the morning from the direct rays of the sun, the
frost disappears more slowly and seems to be less injurious. The fact
that frosted plants are more seriously injured by being suddenly
warmed in the dry air than when the frost disappears more slowly
seems well established.

‘¢ Moist soil, or localities that can be easily flooded for the purposes
of protection, are to be preferred to dry sections of otherwise similar
location, for the evaporation of the moisture from the soil on dry cold
nights will tend to raise the dew-point of the air and thus diminish
-the probability of frost.”

Mr. Hammon believes that ‘‘one of the most effective means of pro-
teection against frost is to diminish radiation by obscuring the sky
-with the smoke of smudge fires, but that this method is not so success-
ful in the narrow valleys of a hilly country, for, while it retards the
radiation of heat in the valley, the smoke bank is usually of low
elevation, and radiation proceeds uninterruptedly from the hillsides,
‘whence the cool air flows down into the valley, beneath the smoke, and
‘chills the plants.” Damp straw, tar, turpentine, old hay, or anything
that will produce the greatest amount of smoke will serve as fuel
for these fires. The fuel should be on the ground in advance, and
the fires started while the temperature is several degrees above the
danger point.. It is believed that decidedly better results will be
obtained if damp fuel is used or if the fire be sprayed with water, for
this will add vapor to the air, which, in condensing, will assist in
checking radiation by obscuring the sky with fog or cloud, and at
the same time the dew-point will be raised.

In the case of smudges, the fire warms and expands the air near it,
.causing it to rise. This establishes an upward current of warm air
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from the fire, and a space is warmed beyond that needing protection,
and cool air flows in from the sides to take its place. Thus, the heat
of the fire has but little effect in diminishing the intensity of the frost,
almost the entire protection being gained by the blanket of smoke
produced. By spraying the fire, on the other hand, much heat is con-
sumed or lost in converting the water into vapor, which on rising is
quickly condensed as it comes in contact with the surrounding air.
The heat of condensation thus becomes manifest in the lower air,
and is in a measure distributed along the lower stratum of the air, and
greatly aids in protecting the plants. Every quart of water thus
evaporated and again condensed in the surrounding air contains
heat sufficient to raise the air temperature 1° F. throughout a space
about 50 feet square and 50 feet deep.

A modified form of water protection, which is valuable in orchards,
is to spray the trees with water. This plan is probably more valu-
able in protecting citrus fruits and other plants which are not injured
until the temperature has fallen several degrees below the freezing
point.” In places where irrigation can be practiced it will be found of
great value in giving protection. Anything that will seriously inter-
fere with the rapid loss of heat after nightfall will tend to prevent the
formation of frost. If the soil be well charged with moisture, it par-
takes greatly of the stable temperature of water, and cools but little, if
any, below the temperature of the superincumbent air, and no frost
will oceur even though all other conditions of clearness, gentle winds,
and cool air obtain. Even a small amount of moisture, say one-half
inch rainfall, will often give protection if well distributed and pre-
cipitated within twenty-four hours previous to the coming cool con-
ditions.

‘When severe drought conditions prevail, injurious frosts may occur
when the general air temperature 10 feet above the earth is above 40
degrees. Under such conditions, in order to avoid a deposit of frost,
it is necessary that the temperature of the top soil and that of vege-
tation be reduced to the freezing point. This is accomplished by
conduction and radiation of heat, which will take place more rapidly
from the soil and vegetation than from the lower stratum of air. The
degree of heat to which vegetation has been subjected immediately
before the frost condition, and the temperature under which it has
made its growth, will in a great measure determine the extent of
damage by frost. If the spring be uniformly cold, fruit buds will
remain undeveloped; winter cereals and all other vegetation will
develop slowly, and their fiber will be tough and wiry. Such vege-
tation will pass uninjured through a late spring frost which may be
sufficiently heavy to be considered ‘‘killing;” but when the growth
has been rapid under abnormally high temperatures the blade and
stalk are tender, and serious damage may result from a very light
frost.
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It may Dbe said that the most effective means of securing immunity
from damage by frost is to place yourself in telegraphic connection
with the official charged with the distribution of Weather Bureau
frost warnings, and then be prepared to flood, spray, or cover with
screens, straw, or other material, or else to start smudge fires. Of
course, these means are only effective for the protection of limited
areas.

Frost warnings are succeeded in the late fall by warnings of severe
cold waves. The latter are valuable to the farmer in case he is a
shipper of his own produce.

—

COLD-WAVE WARNINGS.

Cold-wave warnings would be of great practical utility if they could
be distributed to stock raisers, whether on the farm or ranch. The
ideal distribution of warnings is, of course, by telegraph or telephone.
If, therefore, the stock grower is within reasonable distance of a tele-
graph or telephone station, it would be well to make inquiry of the
nearest Weather Bureau official in regard to obtaining notice of
severe cold waves.

GENERAL DISTRIBUTION OF WEATHER FORECASTS.

In the general distribution of weather forecasts, 1,821 places are
served daily at the expense of the Government by telegraph or tele-
phone, while occasional warnings of unusual character, such as cold
waves, frost, and hurricanes, and in California special rain warnings
are also telegraphed at Government expense to over 4,000 points. In
addition to this paid service, more than 31,000 addresses are served
daily with the weather forecast by telegraph, telephone, mail, and
railway train service, without cost to the Government except for
stationery, ete.

FORECASTS. OF RAIN IN CALIFORNIA.

Forecasts of rain in California are of signal service in preventing
injury to raisins exposed to the air in the drying process. In October,
1897, a general and rather unseasonable rain occurred in the great
interior raisin district of California. First reports indicated that
several million dollars worth of raisins had been destroyed, but when
the later returns were gathered it was found that the damage was
but slight, owing to the rain warnings extensively distributed through
the telephonic systems connecting the principal vineyards. On
account of the peculiar topography of California, such warnings can
be made with a high degree of accuracy.

THE RIVER AND. FLOOD SERVICE.

With our many thousands of miles of navigable rivers, flowing
through one of the most extensive and fruitful regions of the world,
4 A97—5
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warnings of floods are often worth many millions of dollars to navi-
gators and to agriculturists having movable property on low grounds
contiguous to the streams. Such warnings are issued when the pre-
cipitation is so heavy as to indicate the gathering, during the next
two or three days, of flood volumes in the main streams. The feasi-
bility of making accurate forecasts as to the height of water several
days in advance at any station is no longer questioned. The fore-
caster at each of the twenty-two river centers considers the rainfall,
-the temperature, the melting. of snow, if there be any, the area and
slope of the watershed, and the permeability of the soil. From a
study of floods in former years he knows the time necessary for the
flow of the water from the tributaries to the main stream and the
time required for the passage of the flood crests from one place to
another. )

The principal streams included in the river system are the Alle-
gheny, Monongahela, Ohio, Kanawha, Wabash, Illinois, Tennessee,
Cumberland, Mississippi, Missouri, Arkansas, and Red rivers of the
central valleys; the Columbia, Sacramento, and San Jodquin, of the
Pacific Coast; and the Hudson, Susquehanna, Potomac, Savannah,
Chattahoochee, and Alabama rivers of the Atlantic and east Gulf
coasts. ) ' '

Each forecaster in charge of a river center has a definite section of
the river system assigned to him. He receives the necessary tele-
graphic reports of rainfall over the watersheds tributary to his river
district, and also the necessary telegraphic data as to gauge readings
‘nearer the source of the main river than his own station, and the
gauge readings of many of the tributary streams.

Some idea of the vast destruction of property due to floods may be
gathered from the statement that the floods of 1881 and 1882 caused a
loss of not less than $15,000,000 to the property interests of the Ohio
and Mississippi valleys. There was also a loss of 136 lives. In 18384
the region about Cincinnati alone suffered a loss of over $10,000,000
in property.

It would be impossible to estimate the value of live stock and
movable property saved by flood warnings during the great flood of
the spring of 1897 in the lower Mississippi, but certainly the saving
amounted to many millions of dollars. Many days before the river
overflowed its banks the areas threatened were warned of the coming
flood. The report of the Statistician of the Department indicates that
there was in this flooded distriet $15,000,000 worth of stock and mov-
able property, the greater part of which was carried to places of safety
mainly as the result of the thorough dissemination of information
relative to the coming flood. When the Mississippi River at New
Orleans was at the highest stage ever known, warnings were sent to
that city that within five days the gauge reading would show an
increase in the height of the water of over one foot. The water
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reached the height predicted exactly on the day, but the levees had
been strengthened and raised to meet the impending danger.

THE CLIMATE AND CROP SERVICE.

During the erop season this service collects weekly returns from
several hundred voluntary crop correspondents. The returns thus
received are carefully studied by the director having charge of the
section or district, at whose headquarters educated and practically
trained meteorologists, crop writers, printers, and messengers are on
-duty, fully equipped with the most improved instruments and mechan-
ical appliances for performing their various functions. Each section
director issues on Tuesday morning during the crop-growing season
several thousand copies of a neatly printed bulletin, 9 by 12 inches in
" size, giving detailed information concerning climate and crops in every
county in his State. The State bulletins are published by nearly the
entire rural press of their respective States. The section director in
each State telegraphs to Washington each Tuesday morning, in a mes-
sage of sixty words or less, the pith of his weekly bulletin, and this
message forms a part of the national climate and erop bulletin. The
latter is prepared from the telegraphic reports from section directors
and the meteorological records of about one hundred and fifty stations.
It contains, in addition to the foregoing, charts showing the. actual
rainfall, the departures from normal temperature and rainfall, and
the temperature extremes of the week. :

At the end of each month the section directors also eollect by mail
and publish in eight or twelve page quarto reports tables of daily
rainfall and temperature from about one hundred sets of Government
instruments in the hands of intelligent voluntary observers in each
State, thus presenting the complete climatological and crop data-of
the month in convenient form for reference or study. Some idea of
the magnitude of the erop work done by the climate and crop service
of the Weather Bureau may be gleaned from the simple statement
that in one month of four weeks there are printed 168 different
State crop bulletins, 4 national erop bulletins, and 42 monthly climate
and crop bulletins. It may also be well to mention that about three
hundred observers in the wheat, the corn, and the cotton belts
measure the rainfall and temperature and telegraph their reports to
certain seetion centers, whence the reports are placed upon tele-
graphic circuits and thus distributed to the produce, commission, and
commercial exchanges of the country. These 300 reports are in
addition to the usual meteorological observations telegraphed from
150 regular Weather Bureau stations for the purpose of forecasting.
Even these latter reports, on account of their value in showing crop
conditions, are promptly charted on large blackboard maps before
every important board of trade in the country before they are used
in the making of forecasts.

-



68 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

During the winter months there is published at the ceniral office on
Tuesday of each week a snow and ice chart, showing the portions of
the country covered with snow and the thickness of the ice at the
regular Weather Bureau and selected voluntary stations.

The Weather Bureau of the Department of Agriculture, with its vast
ramifications extending into every part of the country, is, in fact, the
most extensive and most efficiently equipped machine anywhere in
the world for the accurate collection and rapid dissemination of cli-
mate and crop.information.

The great fund of climatological information collected by climate
and crop services serves not only to show the effect of untoward weather
conditions upon growing crops, but also to determine the agricultural
possibilites of each State, the weather conditions under which insect
pests thrive, and other problems of interest in connection with the
general science of meteorology.

WORK OF THE VOLUNTARY OBSERVER.

In this connection, there is introduced here an account of a most
important part of the extensive machinery of the Weather Bureau, the
work of the voluntary observer, by means of which this great fund of
elimatological information and permanent weather record is obtained.
Mr. James Berry, the chief of the climate and crop division, has,
under instruction from the writer, prepared that portion of this paper
relating to the work of the voluntary observers in determining the
detailed climatic features of each State.

THE PAID METEOROLOGICAL STATIONS,

. The paid meteorological stations of the Weather Bureau, 150 in
number, distributed over the United States—exceeding in area
3,600,000 square miles—afford an average of but 1 station for each
24,000 square miles of territory, and while telegraphic reports from a
larger number of stations would supply more complete data upon
which to base the weather predictions of the Weather Bureau, and
thereby tend to increase their accuracy, the data furnished from
these 150 stations have, in past years, afforded information sufficient
for successfully foretelling the occurrence of violent storms, cold
waves, etc., and announcing the daily current weather changes from
twenty-four to forty-eight hours in advance of their occurrence.

‘While it has been possible for the Weather Bureau to satisfactorily
conduct its most important work of forecasting weather changes with
this comparatively small number of stations, it is obvious, when con-
sidering that there are as many as eight States with areas of less than
24,000 square miles, that the records of the 150 telegraphic stations
afford very meager information upon which to determine the local cli-
matic features of many sections of the country.
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THE VOLUNTARY OBSERVER.

The voluntary observer, therefore, must be looked to for data to
ascertain the detailed characteristics of the climate of the various sec-
tions of the country. TUnder the liberal policy of the Government
weather service in recent years it has been possible to vastly augment
the number of cooperating voluntary stations. In 1880 the number of
voluntary observers wag less than 225; in 1885, about 275; in 1890,
nearly 1,500; in 1895, nearly 2,500, and since 1895 the number has been
furtherincreased until at present there are no less than 3,000 voluntary
observers in the United States taking daily observations of the extremes
of temperature and recording measurements of precipitation, includ-
ing rain, snow, hail, sleet, etc., much the larger number of these
observers being provided with standard instruments. With this num-
ber of voluntary stations, together with the regular paid stations of
the Weather Bureau, we have an average of 1 station to each 1,200
square miles of territory.

VALUE OF THE DATA SUPPLIED BY THE VOLUNTARY OBSERVER.

The value of the data supplied by the records of the voluntary
observer, both to the locality in which the observations are made and
to the national weather service, can not easily be overestimated.
These records are valuable not alone to the meteorological student
and investigator, but they afford the farmer a valuable means of
studying the effects of meteorological conditions upon crops, and
enable him to determine the conditions under which certain crops
may be successfully grown, as well as to ascertain just what the
meteorological conditions were under which abundant or deficient
crop yields were produced, while the observations of a series of years
afford data upon which to compute normals for a basis of comparison
with carrent conditions. The direct bearing of weather conditions
upon the production of crops renders argument unnecessary to show
the practical value of a careful study of these subjects, and that
intelligent conclusions may be easily drawn by comparison of yields
of crops with the meteorological conditions under which they are pro-
duced. A diary showing the time of planting and the progress of
crops from seedtime to harvest, with the acreage and yield of the
several crops, would prove of the greatest interest in the study of this
subject. .

The voluntary observer’s record, besides being valuable in deter-
mining the adaptability of the climate.of a section to the cultivation
of crops, supplies information of incaleulable worth to engineers in
the construction of aqueducts, reservoirs, bridges, culverts, etc. Mil-
lions of dollars are annually expended in such work, and without
foreknowledge of the frequency, duration, and amount of rainfall in
the several sections of the country to enable those in charge of these
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enterprises to determine the capacity of sewers, culverts, ete., that
will prove adequate to carry off the amount of rainfall, disastrous
mistakes are liable to occur. The medical profession also utilizes
the data in ascertaining localities possessing climatic conditions best
suited for their patients, and the records often have great bearing in
legal cases, in which it may be important to prove the existence of
certain meteorological conditions at a given time.

.

PUBLICITY OF THE OBSERVATIONS OF THE VOLUNTARY OBSERVER.

By the present system of cooperation between the Weather Bureau
and its voluntary observers the records of observations are made in
triplicate, one copy being retained by the voluntary observer, the
other two going, respectively, to the central station of the climate and
crop section, in which the observer is located, and to the central office
of the Weather Bureau at Washington City. The observations are
published in detail in the monthly reports of the climate and crop
sections, and a summary, showing the extremes and averages of tem-
peratures and total rainfall, are published in the National Weather
Review. Many observers also supply local newspapers with copies
of their records for publication. It will thus be seen that the observa-
tions are given wide publicity through the local press and official
publications of the Weather Bureau, the latter having-extensive
eirculation in all parts of the United States as well as in foreign
countries.

REFORM IN METHOD OF PUBLISHING OBSERVATIONS OF VOLUNTARY OBSERVERS.

Early in the administration of the present Chief of the Weather
Bureau he undertook to institute a much-needed reform in the method
of publishing the detailed observations of voluntary observers in the
monthly reports of the various climate and crop sections. While the
great desirability of publishing these observations in detail and
arranging the data in convenient form for future reference had long
been recognized, there seemed no adequate means by which such an
end could be accomplished.. The difficulties which lay in the way. of
publishing the data in a uniform manner and after an approved
method, however, have been largely overcome. At the present time
34 of the 42 sections into which the climate and crop service of the
bureau is subdivided are issuing quarto-monthly reports in practi-
cally uniform style. These publications give the extremes of tem-
perature for each day of the month, daily rainfalls, climatological
tables showing how the current temperature and rainfall compare
with normals for the corresponding period, and charts graphically
illustrating the distribution.of temperature, prevailing wind direc-
tions, and total precipitation. The several meteorological elements
are summarized, comparison made with normal conditions, and abnor-
mal conditions discussed. '
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On the temperature chart, which accompanies the monthly report
of the climate and crop section, it is possible, with the large humber of
reports, to trace isothermal lines for each degree of mean tempera-
ture, while on that accompanying the National Weather Review this
is not practicable, the mean isother_ms‘vbeing 5 degrees apart. The
same may be said of the precipitation charts of the publications
‘mentioned. Those of the climate and crop sections illustrate the
distribution of rainfall much more in detail than is possible with the
chart issued with the National Weather Review, the base map for
which is of a scale much smaller than that of the section publication.
These climate and crop service publications, therefore, contain suffi-
cient material to admit of determining in detail the meteorological con-
ditions prevailing throughout the year in all sections of the country. -

BENEFIT OF RECORDS OF VOLUNTARY OBSERVERS TO THE COMMUNITY.

Voluntary observers’ records increase in value as the period they
cover is lengthened, and they never cease to be of interest in the
community where the observations are taken. They afford effective
means of frustrating aims of those' given to extravagant statements
with regard to present or past weather conditions. By careful perusal
of the instructions the voluntary observer receives from Weather
Bureau officials, he becomes acquainted with the best methods of
exposure of instruments, and his observations being taken with
standard instruments, tested by Government experts before their
issue, are accepted as authoritative. '

FACILITIES OF THE VOLUNTARY OBSERVER.

It is the opinion of the writer that.the voluntary observer has facili-
ties for the exposure of meteorological instruments, more particularly
thermometers, rain gauges, and wind instruments superior to those
found in the larger cities, in which most Weather Bureau stations are
located. It is evident that the interior of the larger cities do not
afford an -exposure representmg the true air temperature of the sur-
rounding country. The combustion of enormous quantities of fuel in
cities and the storage of the sun’s heat in walls and pavements neces-
sarily must affect very sensibly the thermometer, and cause its
readings to be materially higher than if given an exposure free from
such influences. As an illustration of this may be cited the records
of the weather bureau in Philadelphia and those of the voluntary
station in the immediate vicinity in the suburbs of Camden, N. J.
The instruments at the latter place have an excellent exposure, and
the observations are taken by a most competent and painstaking
observer. A comparison of the records at these places, covering a
period of four years, from 1893 to 1896, inclusive, shows an average
daily difference of 1.2° F. the year round, while in some months the
difference is not less than 2.5° F., being greatest in calm weather.
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EFFECT OF LIBERAL POLICY ON ACCURACY OF RECORDS OF VOLUNTARY
. OBSERVERS.

Undoubtedly many of the old records of voluntary stations, some
of which antedate the establishment of the national weather service
by half a century or more, valuable as they are, were made from
instruments of doubtful accuracy. The liberal policy of the national
weather service in recent years in providing voluntary observers with
reliable instruments, carefully tested before issue, insures records of
far greater accuracy than it has hitherto been possible to procure
with the cheap and unreliable thermometers which many faithful
‘observers from necessity used. A correction card, showing the error
of the thermometers at various temperatures, now accompanies each
instrument issued by the Weather Bureau. This enables the observer
to ascertain the true temperature at any degree of heat or cold and
to make his records absolutely correct. It therefore may be confi-
dently stated that never before the present time has such careful and
general attention been bestowed upon the matter of instrumental
‘equipment and exposure. The records now being kept will afford
the future investigator more trustworthy and accurate information
with respect to climate than it has been possible to obtain in the past.

LOANS OF INSTRUMENTS TO VOLUNTARY OBSERVERS.

The Weather Bureau loans to voluntary observers when eligibly
located, upon condition that observations be taken and records fur-
nished, a set of meteorological instruments, consisting of self-regis-
tering maximum and minimum thermometers and standard rain
gauges, and provides him with appropriate blanks for keeping records. -
The limited supply of instruments renders it necessary to use caution
in the selection of stations, in order to guard against a practical dupli-
cation of records and to secure observations that will prove of value.
Many applications for instruments from competent and trustworthy
persons are declined on account of the proximity of their location to
existing stations. The gradual increase in the number of stations
has materially reduced the distance limit, formerly fixed at 50 miles,
in determining eligibility of a proposed station, so that the bureau is
now enabled to equip stations much nearer to those already estab-

_lished than heretofore. Except under unusual conditions, however,
it is the policy not to issue instruments to stations within 20 miles of
one already established.

PRINCIPLES OF WEATHER FORECASTING.

In the section following of this paper brief reference is made to
some of the general principles of weather forecasting from synoptic
charts.
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THE STUDY OF THE CHARTS BY THE FORECAST OFFICIAL.

A synoptic chart is one that shows the weather conditions existing
at the same instant of time over a wide extent of territory.

In addition to the synoptic charts, the forecast official has before
him other charts showing the changes in temperature, pressure, ete.,
that have occurred during the preceding twelve hours. Here, for
example, throughout a great expanse of territory all the barometers
are rising, that is to say, the air has cooled, contracted, become denser,
and now presses with greater force upon the surface of the mercury
in the cisterns of the instruments, thereby sustaining the mercury col-
umns at a greater height. Over another considerable area the barom-
eters are falling, as increasing temperature rarefies and expands the
volume of air, causing it to press upon the instruments with less
force. The winds, too, blow in general conformity to the system of
pressure gradients, as will be subsequently explained. - Occasionally
the reports from a station show high cirrus clouds composed of minute
ice spicule moving from: one direction, lower cumulo-stratus clouds
composed of condensed water vapor moving from another direction,
and the wind at the surface of the earth blowing from still a third
point of the compass. When such erratic movements of the air strata
are observed it is almost a sure premonition of rain and high winds
within two or four hours; sometimes sooner. The readings of all
barometers shown on the forecast official’s charts are reduced to sea
level, so that the variations in pressure due to local altitudes may not
mask and obscure those due to storm formation.

EXPLANATION OF THE CHARTS.

On the weather charts used for the forecast official’s study, and also
on those published for general distribution, the word ‘‘high” is written
at the center of the region of greatest air pressure and the word ‘low”
at the center of the region of least pressure. Under the influence of
gravity the air presses downward and outward in all directions, thus
causing it to flow from a region of great pressure toward one of less.
The velocity with which the wind moves from the ‘“high” toward the
‘““low” depends largely on the difference in air pressure. To better
illustrate: If the barometer reads 29.5 inches at Chicago and 30.5
inches at Bismarck, N. Dak., the difference of 1 inch in pressure would
cause the air to move from Bismarck toward Chicago so rapidly that,
after allowing for the resistance of the ground, there would remain a
wind at the surface of the earth of about 50 miles per hour, and
Lake Michigan would experience a severe ‘‘ northwester.”

The arrows shown on the charts fly with the wind, and almost with-
out exception move toward the ‘‘low,” or storm center; the wind moves
from the regions marked ‘‘high,” where the air is abnormally heavy,
toward the ‘‘low,” where the airislighter. Asthe velocity of water flow-
ing down an inclined plane depends both on the slope of the plane and
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on the roughness of its surface, so the velocity of the wind as it blows
along the surface of the earth toward the storm center depends upon
the amount of the depression of the barometer at the center and on
the resistance afforded by surfaces of varying degrees of roughness.

Now, picture in the mind the fact that as the air moves inward it
rotates about the storm center in a direction contrary to the move-
ment of the hands of a watch, and you have a very fair conception of
an immense atmospheric eddy.

Anyone having watched the placid waters of a'deep-running brook
must have observed that where it encounters a projecting crag little
eddies form and whirl along downstream. Atmospheric storms are
simply great eddies in the air which are carried along by the general
easterly movement of the atmosphere in the middle latitudes of the
Northern Hemisphere. But they are not deep eddies, as was once
supposed. The word ‘‘low” on the weather map marks the center of
an atmospheric eddy of vast horizontal extent as compared with its
thickness or extension in a vertical direction; thus, a storm condition
may extend from Washington, D. C., to Denver in a horizontal diree-
tion and yet extend upward but 4 or 5 miles. The whole disk of
whirling air, 4 or 5 miles thick and perhaps 1,500 or 2,000 miles in
diameter, is called a low-pressure area, or storm area. Itis important
that a proper conception of this fundamental idea be had, since the
weather sequences experienced from day to day depend almost wholly .
on the movement of these traveling eddies, cyclones, or, as they are
more commonly called, low-pressure areas.

FACTS USED BY THE FORECASTER IN HIS DEDUCTIONS.

The forecaster knows that high and low pressure areas drift across
the country from the west toward the east at the rate of about 600
miles daily, or about 87 miles per hour in winter and 22 miles per
hour in summer; that the ‘“highs” are attended by dry, clear, and
cooler weather, and that they are drawing down, by a vortical action
of their centers, the cold air from great altitudes above the clouds and
causing it to flow away laterally along the surface of the earth in all
directions from the eenter, and that the high-pressure areas as they
move eastward sometimes become so intense in their vortical motion
as to draw down such vast volumes of cold air that we call them: cold
waves.

In the downward movement of the air in cold waves we must con-
cede that the loss of heat by radiation through a cloudless atmosphere
is much greater than that dynamically gained by compression, or else

"we must assume that the air possesses such intense cold at the eleva-

tion from which it is drawn that notwithstanding the heat gained by -
compression in its descent it is still far below the normal temperature
of the air near the surface of the earth.

The forecaster knows, too, that although these intense high-pressure
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.areas first appear in the extreme northwest territory, they do mot
depend on the land of their birth for the cold they bring to us, and
that cold waves are not simply immense rivers of air which have been
chilled by flowing over the great snow and ice fields of the Aretic
regions, as was once thought. He is also familiar with the fact that
in the low-pressure areas the conditions of the air and its various
movements are exactly the reverse of what they are in the high; that
the air is mueh warmer and moister, and that it is drawn spirally
inward from all directions instead of being foreed outward, as in the
high; that it ascends as it approaches the center of the depression,
sometimes causing rain or snow as it cools by expansion during its
ascent, or as it encounters and mixes with air strata of lower temper-
ature than its own.

‘We know that while our atmosphere extends upward to an altitude
probably of 60 miles it is so elastic and its expansion is so rapid as it
recedes from the earth that half of its mass lies below the 3-mile level,
and that our storms and cold waves are simply great swirls or eddies
in the lower stratum of probably not more than 5 miles in thickness;
that the air above the 6-mile level probably flows serenely eastward
in these latitudes without being disturbed by our most severe storms.

T'he forecaster is further aware of the fact that our high-pressure
areas, with their elear, cool weather, and our low-pressure areas, with
their warmer and often rainy weather, alternately drift eastward in
periods that average about three days each; that they are not in any
sense the product of chance, but are part of that great divine economy
which provides for seedtime and harvest, for by the action of the
“lows” the warm, vapor-bearing currents are sucked inland from the
Gulf and the ocean and carried far over the continent, so that their
.moisture is condensed and scattered over the plains, rendering them
tillable and suitable for the habitation of man; that the high-pressure
areas, in drawing down the cool, pure air from above, scatter and dif-
fuse the carbonic-acid gas exhaled by animal life and the fetid gases
emanating from decaying organic matter; that the cold waves created
by these high-pressure areas are among the most beneficent gifts of
nature, for their clear, dense air not only gives us more oxygen with
each inspiration of the lungs, but the abnormally high electrification
that always accompanies such air invigorates man and all other ani-
mal life; that the cold north wind, if it be dry, as it usually is, brings
physical energy and mental buoyancy in its mighty breath; that four-
sevenths of all our storms come from the north plateau region of the
Rocky Mountains and pass from this arid or subarid region easterly
over the Lakes and New England, producing but scanty rainfall; that
the greater part of the remaining three-sevenths of the number of
storms have their inception in the arid region of our Southwestern
States, and that as they move northeastward they can nearly always
be depended on to give bountiful rainfall, and that many of them
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cross the Atlantic and affect the continent of Europe, and that a few,
and by far the most severe, wind and rain storms that touch any
portion of our country originate in the West Indies and travel in a
northwesterly direction until they touch our Gulf or South Atlantic
Coast, when they recurve to the northeast and sweep along our
Atlantic Seaboard with hurricane intensity.

During the prevalence of droughts in the great central Valleys all
the low-pressure or storm conditions form in the middle or north
plateau region of the Rocky Mountains. When such droughts are
broken, it is usually accomplished by ‘‘lows” that form in Arizona,
New Mexico, or Texas. :

From many years spent in daily watching the formation, progres-
sion, and dissipation of storms the forecaster well knows that at
times, by an accretion of force not shown by observations taken at the
bottom of the ocean air, storms suddenly develop dangerous and unex-
pected energy or pursue courses not anticipated in his forecast, or
that the barometer at the center of the storm rises without any premo-
nition and gradually dissipates the energy of the ecyclonic whirl.

These are a few of the generalizations of which the forecaster takes
cognizance and which guide him in his deductions. In brief, he care-
fully notes the developments and movements in the air conditions
during the preceding twenty-four hours, and from the knowledge
thus gained makes an empirical estimate of what the weather will be
in the different sections of the country the following day.

HOW TO BECOME A FORECASTER.

By preserving the weather charts each day and noting the move-
ments of the ‘‘highs” and ‘‘lows” any intelligent person can make
an accurate forecast for himself, always remembering that the ‘‘lows”
as they drift toward him from the west bring warm weather and some-
times rain or snow, and that as they pass his place of observation -
the ‘“highs” following in the tracks of the ‘‘lows” will bring cooler
and probably fair weather.

DIVISION OF CHEMISTRY.
By H. W. WILEY, Chemist.

FUNDAMENTAL CHARACTER OF CHEMICAL RESEARCH.

The foundation of scientific agriculture rests upon agricultural chem-
istry. Before the time of Liebig, agriculture was only an empirical
science. Ng¢ exact information was at hand concerning the composi-
. tion of crops, the nature of the soil, or the functions of fertilizers.
Certain facts which had been learned by long experience were made
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use of in practical agriculture, but in a blind sort of way, without defi-
nite knowledge of the processes which took place, and necessarily with-
out economical application of labor and materials.

PRIMARY RELATIONS OF CHEMISTRY TO AGRICULTURE.

The first work of agricultural chemistry has been to determine the
nature of the crops produced and the relations which they bear to the
soil in which they grow. The first great fact established by this
investigation was that almost the whole weight of a crop is formed by
direct combination or synthesis from elements preexisting in the air
and soil, or in parts of the soil; in other words, the greater part of
the weight of every crop is the product of the synthesis which takes
place between carbonic acid and water. The soil and the atmosphere
must be regarded, then, as the environment most favorable to the pro-
duction of organic matter, and the crowning practical work of agri-
cultural chemistry is the study of those conditions which favor the
largest production of organic matter in any given instance. These
conditions are evidently those of temperature, moisture, and mineral
plant food. :

The most direct contact which the work of this division has with
practical agriculture is in the study of the composition of soils and of
the crops which grow in them. . Heretofore this study has been chiefly
accomplished in field experiments, where the conditions have been
hard to control. In order to check, so far as possible, all the results
which have been obtained in such a study of the relations of the plant
to the composition of the soil in which it occurs, this division has for
the past four years conducted a series of studies in which an abso-
lutely perfect control of the conditions has been possible. To this end,
typical soils from different parts of the United States and from the
celebrated agricultural experiment station at Rothamsted, in Eng-
land, have been collected and placed in pots where all the conditions
attending the growth of the plants can be supervised.

CHIEF OBJECT OF SOIL STUDIES.

The primary object in the study of these typical soils, from the prac-
tical agricultural point of view, is to determine by cultures of various
crops the maximum amount of organic matter which can be produced
under given circumstances. This is done in connection with a most
minute study of the chemical and physical properties of the soil, so
that definite information can be secured respecting the relations which
exist between chemical and physical composition and crop production.
All soil studies, to be of value to the farmer, must in this way be con-
nected with the actual experiments in determining the producing value
of the soil. When these studies are made without such an adjunct
they have great theoretical and scientific value, but lack that practi-
cal quality which permits of their use directly in the advancement of
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agriculture. Providing that a favorable elimate exists, the soil is tne
first problem which the practical farmer must consider. Other things
being equal, in the purchase of a soil it is found that those soils which
have the highest available fertility are the ones that bring the highest
price.

IMPORTANCE OF PRESERVING SOIL FERTILITY.

To preserve and increase this fertility should be one of the chief
~ objects of the practical farmer, because if he allow the fertility of the
soil to decrease he will place himself on the road to financial failure.
Good farmmg is not only evidenced in the fact that the farmer is able
to pay his bills, to live comfortably, and to accumulate a moderate
amount in the savings bank, but it is also shown, with an equal
degree of certainty, by the improvement in the fertility of his farm.
One of the chief eharacteristics of the work of the Division of Chem-
istry therefore is the investigation of those problems respecting soil
fertility which bear directly on this great economic work of the practi-
cal farmer. To this end the Division of Chemistry studies the origin
of soils, the composition of the rocks from which they are derived,
the transportation to which they are subjected by the action of water,
ice, and wind, the methods in which they are deposited and held in
position, and the character of the crops which are best suited to soils
of different origins and compositions.

QUANTITY OF PLANT FOOD.

. The Division of Chemistry studies also the amounts of plant foods
removed in different crops and seareches for the most economical
means of replacing the waste. It is through such chemical studies
that the farmer has learned the causes of the impoverishment of his
soil and the sourees from which it can be recuperated.

CHEMISTRY AND FERTILIZER DEPOSITS.

Chemical studies have made it possible to open the potash mines
of Stassfurt, and have led to the discovery and operation of the quar-
ries of mineral phosphates which exist in many parts of the world,
especially in the United States. It was through chemical studies
that the farmer was led to import the deposits of guano which had
been stored for many thousand yearsin the arid islands of the Pacifie.
Through chemieal studies the opening of the nitrate beds of Peru
and Chile was made possible, and the mining and importation of vast
quantities of nitrate of soda seeured. )

NITRIFICATION.

Through chemical studies of the soils and the operations which go
on therein, there has been revealed to the practical farmer the nature
of those minute processes which go on in the soil through the action of

.
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microorganisms by means of which inert nitrogen is made available
for plant food. The nature of the processes of the decay of nitrog-
enous bodies placed in the soil has thus been clearly revealed, and
in addition to this it has been shown that certain classes of crops, in
conjunction with bacterial activity, are able to oxidize and make
available the free nitrogen of the atmosphere. In this way the most
costly of all fertilizing materials has been thoroughly studied, and
the practical farmer has been instructed in regard to the means of
supplying it at the least possible outlay of money. It is thus due
directly to chemical studies that the growing of leguminous crops,
such as clover, peas, and beans, has been so widely practiced. In
like manner the best methods of preserving the nitrogenous manures
of the stable and barnyard have been developed, so that the maximum
fertilizing influence of such manures is secured. )

ECONOMY IN THE USE OF FERTILIZERS.

‘While chemistry does not claim the faculty of making the farmer
entirely independent of the nitrogenous fertilizers which have been
stored for his use, it has already accomplished much in diminishing
the expense to which he has been subjected in purchasing the whole
of such fertilizers employed in his agricultural work. The chemical
studies of the Division of Chemistry have also indicated the most eco-
nomical manner in which the principal fertilizing materials, such as
phosphoric acid, nitrogen, and potash, can be applied, and the partic-
ular combinations of fertilizing ingredients which are calculated to
produce the maximum result in any given locality. In view of this
fact, the great practical utility of the study of the chemical composi-
tion of the soil is at once apparent. It leads not only to a more inti-
mate knowledge on the part of the farmer of the environment in which
his crops grow, but also points out the steps necessary to secure the
maximum result from the action of fertilizing materials with a mini-
mum expenditure of money. Abstruse science and practical agricul-
ture are thus intimately linked together, and the methods in which
they most harmoniously work are developed from year to year by the
studies which are carried on by the Division of Chemistry of this
Department and similar laboratories in other parts of the country and
of the world.

DEVELOPMENT OF NEW AGRICULTURAL INDUSTRIES.

" Many of the agricultural industries are largely dependent upon
chemical studies for their proper development and expansion. This
is particularly true of the sugar industry, to which the Division of
Chemistry has devoted a large part of its time during the past fif-
teen years, and to which it is still giving the most earnest attention.
The development of sugar-producing plants, such as carne and the
beet, is only possible under rigid chemical control. The work of the
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division has been highly fruitful in this particular. For eight years
it conducted a station for the-growth of sorghum as a sugar-producing
plant, during which time the percentage of sugar in the field crops of
this plant was raised from 9 to 14 per cent. Similar stations for the
improvement of the sugar beet have been established and are still in
operation. One of the chief functions of the Division of Chemistry
at the present time is the study of the practical conditions on which
the successful introduetion of the sugar-beet industry into this coun-
try must depend. To this end, beets grown in all parts of the United
States under the most varied conditions of climate and soil are sent
to the division for analysis, and from the analytical data thus obtained
it will be possible, sooner or later, to determine the localities in this
country best suited to beet culture.

IMPORTANCE OF PROPER LOCALITIES.

‘When the vigorous competition in sugar production is considered, it
is easy to see how it is necessary that those localities where soil and
climatic conditions are most favorable should be defined as soon as
possible, so that the development of the industry in this country may
go on uninterruptedly under the most favorable conditions. Without
the cooperation of the Division of Chemistry and other agricultural
laboratories in the United States it would not be possible to locate
these areas, except by long and costly experience. 'The direct saving
of capital and energy which these studies make possible can only be
measured by large sums of money. A The work of the division, there-
fore, not only points out with unerring certainty the proper course for
capital to pursue, but what is equally important, utters a word of
caution in regard to investments in unfavorable localities. It is
quite certain that if intending investors in this industry study care-
fully the data which are collected, they will not make the mistake of
investing their funds in regions where failure is almost certain to
occur.

PRODUCTION OF HIGH-GRADE BEETS.

Among the most valuable means of securing the establishment of
the sugar industry are those which relate to the production of beets
of high sugar content. This is only possible under such control as
the work of the Division of Chemistry has inaugurated and still con-
ducts. The beets which are preserved for seed production are selected,
not only from their shape and size, but especially from their content
of sugar. In the scientific production of seed, each beet which is
originally reserved for the production of seed is subjected to analysis,
and only those which reach a certain standard are propagated. In
cooperation with some of the agricultural experiment stations, and
independently also, the Division of Chemistry is conducting work of
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this kind in various quarters of the United States, for the purpose
of indicating the best varieties of beets of the highest percentage of
sugar and illustrating the way in which the methods whereby the
improvement of the sugar beet can best be secured can be practically
followed on a large scale. It is only when such a course is followed
that we can hope to compete with Europe and the Tropics in the pro-
duction of sugar.

‘BENEFITS TO GENERAL AGRICULTURE.

The practical benefits to American agriculture which will acerue
from the application of the results obtained in the Division of Chem-
istry in this particular can only be properly comprehended when the
vast imports of sugar into this country are considered. The object of
the work is to give to American agriculture the activity, the industry,
and the profits which are now found in Europe and tropical sugar-
producing countries. If scientific means be followed under careful
technical and business control, the establishment of an indigenous
sugar industry is certain, and the benefit which will acerue to Ameri-
can agriculture in the near future can only be measured by hundreds
of millions of dollars.

COMPOSITION AND ADULTERATION OF HUMAN FOODS.

Of almost equal importance with the character of the work outlined
above, from a practical point of view, are the researches which are being
conducted in the Division of Chemistry in respect to the composition
and alulteration of human foods. It is most important that the
actual composition or nature of human foods be carefully ascertained
and that the adulteration thereof be prevented. The work of the
division is therefore directed to the study of the composition of foods
of all classes and to the investigation of the nature of the adulter-
ations which are practiced whereby the farmer is deprived of a por-
tion of his justly earned profits. It requires no argument to show that
if cheap and inferior foods, or if substitutes for foods, be sold under
the guise of pure and wholesome articles the farmer is the first who
must suffer, from a financial point of view. In addition to this, the
danger to public health must not be forgotten when impure or debased
foods are offered for sale and pass into general consumption. A large
part of the work of the Division of Chemistry is therefore devoted to
a study of the composition of human foods from a purely scientific
point of view. The character and extent of the adulterations which
are practiced with our common foods are also made the subjects of
research, and numerous reports have already been published, both
upon the composition of human foods and their adulterations. This
work - is still vigorously pushed forward, and it is a matter of pleas-
ure to know that the farming public of the United States has fully
appreciated the efforts of this division to secure for honest foods

4 A97T—6
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an honest market. The whole range of human foods will finally
be covered by these investigations, and the results which will ensue
therefrom can not fail to be of the utmost practical benefit to the
agricultural public. Not only is the farmer protected by these stud-
ies in the market which is open for his wares, but he also receives
a further protection in the guaranty of the good quality of the pur-
chases which he makes. For instance, the coffees, sugars, and teas
which are mostly used by our agricultural population are purchased
at the groceries, and not produced upon the farm. The frauds which
can thus be practiced upon the agricultural publicin the sale of adul-
terated, debased, or impure foods of the character named are pre-
vented by the control which is exercised over these foods, based upon
the data obtained by the work of the Division of Chemistry. The
pure-food laws which are enacted in many of the States are based
upon these data, and it is hoped that through the efforts of the friends
of pure foods, aided by the efforts of this division, a national pure-
food law will soon be enacted, governing the sale of foods in the Dis-
trict of Columbia and the Territories and interstate commerce in all
food products.

MISCELLANEOUS WORK.

The miscellaneous work of the division is also of the highest prae-
tical value to agriculture. This may be illustrated by citing some of
the subjects of a miscellaneous nature which are now under investi-

_gation. The study of the composition of the sunflower was undertaken
two or three years ago, and is now almost completed. The economical
aspects of this study are of the greatest interest. Not only has it
been shown that a most delicious salad oil can be made from the seeds
of the sunflower, but that the resulting cake is of the highest nutritive
value for cattle feeding. The character of the pith has also been
investigated, and the nature of the stalk—in fact, the whole plant—has
been subjected to careful chemical examinations, and it is hoped that,
based upon the data which will be contained in the bulletin to be
issued, this industry may obtain a foothold in the United States and
expand to a much greater extent than ever before. Heretofore the sun-
flowers have been grown for their seeds alone, which have been used
for feeding birds and sometimes for cattle and horses. The data
which have been obtained in the studies, now almost completed, show
a wide possibility of development in this industry alone.

USE OF BASIC PHOSPHATIC SLAGS.

The character of the miscellaneous work may be further illustrated
by another example of an investigation which is now in progress and
near completion. This example also shows the intimate relation
which may exist between agricultural and manufacturing interests.
In the manufacture of iron the presence of phosphorus has always
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been regarded as a serious drawback. The presence of a very small
quantity of phosphorus in iron renders it brittle and unfit for most
purposes. In this country, as in Europe, there are vast bodies of iron
ore which contain such large quantities of phosphorus that it is impos-
sible to use them under any of the old processes. A few years ago a
process was invented by means of which practically all the phosphorus
can be extracted from the pig iron by a simple chemical operation.
In this operation the phosphorus is made to combine with lime, and
large quantities of slags containing great quantities of phosphorus
are produced. For many years these slags were regarded simply as
refuse and of no value. When studied by chemical means, however,
it is found that the phosphorus contained in these slags has a far
higher availability for plant food than the natural phosphates—in
fact, an availability which is almost equal to that of dissolved phos-
‘phates or ordinary acid phosphates. Under the stimulus of this
chemical discovery, thgse slags have been used for fertilizing purposes
with the greatest success. In this country one factory has already
commenced the manufacture of iron from ores rich in phosphorus.
The Division of Chemistry has therefore undertaken a thorough
study of the relations of basic slags to the crops which are produced
in the United States. In the prosecution of this study the localities
in Europe where basic slags are manufactured were visited by the
Chemist for the purpose of obtaining all the available information
on the subject. The factory in this country was also thoroughly
studied and samples of the phosphate slags made in the United States
secured and compared with those made in Europe. These data are’
‘now almost ready for publication, and the collection of them and the
‘research necessary to securing the information desired illustrate in a
striking manner the practical relations of chemical work not only to
‘agriculture, but to metallurgy.

COOPERATION OF SCIENTIFIC INVESTIGATORS.

It is not necessary to adduce further illustrations of the intimate
practical bonds which unite chemical studies to the operations in the
field. It is, of course, understood, without further reference, that
the Division of Chemistry of the Department of Agriculture makes
no claim to be the sole representative of investigators of this nature.
The illustrations which have been given above serve only to show,
citing the Division of Chemistry as an example, the intimate rela-
tion which scientific research bears to agriculture everywhere. Hun-
dreds of chemists in the United States are engaged in similar
researches, as well as equal numbers in Europe. It is important,
however, that the farmer should from time to time be reminded of
the debt which agriculture owes to chemistry. We are apt to forget
the steps of the ladder by which we rise, and the chemist isoften held
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in low esteem by practical men who owe the whole of their success to
the investigations which he has made. A striking illustration of this
fact has lately come to the notice of the writer in the prospectus for
a beet-sugar factory, where the manager is put down for a salary of
$5,000 a year and the engineer for $2,500, while the chemists are
modestly put off with salaries of from $700 to $1,000 per annum.
‘While agricultural chemistry laid the foundations which have made
scientific agriculture possible, it does not arrogate to itself by any
means the whole field of scientific research in regard to agriculture.
The agricultural chemist welcomes most heartily his brother scien-
tists who with equal zeal and equal success pursue those investiga-
tions which, although abstract and scientific in their nature, have in

their final results the greatest practical value for the improvement
" and development of agricultural interests. While the agricultural
chemist was first in the field, he realizes that the vast number of sub-
jects which are open to research requires the collaboration of every
branch of science, and all are entitled to equal rights and equal
privileges in the investigation.

DIVISION OF ENTOMOLOGY.
By L. O. HOwARD, Entomologist.

Summed up in the fewest possible words, the work of the Division
of Entomology is entirely directed toward answering the question,
How may the farmer and fruit grower avoid damage to their crops
by insects?

The work which the division is doing toward answering this ques-
tion is both direct and indirect. Its direct functions may be summed
up as follows: It is a correspondence bureau; it is an investigating
bureau; it is a publishing bureau.

CORRESPONDENCE OF THE DIVISION.

It is in the exercise of the first of these functions—correspondence—
that the office comes perhaps into closest contact with the farmer and
fruit grower. The division holds itself ready to answer, so far as
possible, all questions as to the nature of any insect which may dam-
age crops and as to the best remedies to be used. Ten years ago
this division was almost the only place in the United States where
such inquiries could be satisfactorily answered. The offices of the
State entomologists in Illinois and New York were the only other
public offices of similar nature, although there were entomologists con-
nected with a few of the leading agricultural colleges, such as Cornell,
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Michigan, and Iowa. With the recent establishment of one or more
agricultural experiment stations in almost every State in the Union,
it would seem that this correspondence would be, to a large extent,
diverted from the national department. This has not been the case.
The correspondence of the division has steadily increased. The exper-
iment stations have stimulated farmers to take advantage of the oppor-
tunities offered by public institutions, and more than twice as many
inquiries are now received at the division as before the establishment
of experiment stations. At this date (October 1, 1897), for example,
over 5,000 letters of inquiry requiring written answers have been -
received since January 1 (nine months), and many others have been
answered by printed circular. Moreover, many farmers who live in
the vicinity of Washington, D. C., or who are in the habit of visiting
the city, have been given desired information by word of mouth.

The work entailed in answering one of these requests for informa-
tion varies greatly. In the great majority of cases the inquiry relates
to some well-known insect, and full information can readily be given
either in circular or letter form. Frequently, however, something new
or rare presents itself or some difficult question is received requiring
hours of investigation before a satisfactory reply can be returned.
Some insect not before known as especially injurious may come in
any day with an account of serious damage from its work, and such
cases frequently mean an investigation, not of hours, but of months.
So that, when we say that something over 5,000 letters of inquiry have
been answered in nine months, it must be understood that it means
far more in the way of work than it does to a business man, for exam-
ple. In fact, a considerable part of the time of the Entomologist, four
assistants, and two clerks is occupied in this correspondence work.
There can be no doubt that it is a most important branch of the work,
and that it is productive of very considerable good to those agricultur-
ists who avail themselves of it. Appreciative letters are frequently
received from farmers and fruit growers who have gained information
of much positive value through this correspondence.

INVESTIGATIONS OF THE DIVISION.

As an investigating medium the Division of Entomology is, as it
must be, very active. It is a cardinal prineciple in remedial work
against insects that the more one knows about the habits and life his-
tory of a given species the better are the chances of ascertaining a
cheap and efficient remedy. Manyinsects can be successfully attacked -
only in the active feeding condition; with others the eggs are the
easiest destroyed, and with others the insect in the quiescent over-
wintering stage. We must know not only how to recognize it in its
different stages but must know just how long it remains in each stage
and just how it comports itself in each. Specific insects might be
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mentioned to illustrate these points, but it will probably not be nec-
essary in this paper. Each new insect which becomes prominent
 must be studied throughout its life round before we can say that we
know best how to fight it. Moreover, even at this late date, careful
investigation is constantly bringing to light new facts about old and
supposedly well-known injurious insects.

. For ordinary purposes, many of these studies of life history are
made in the greenhouse attached to one of the buildings occupied by
the division, and which, since it was built especially for insect study,
is known as the ‘“Insectary.” By careful observation in confinement
the main facts of the insect’s life can be discovered. The accuracy
of these observations as related to the normal development must, of
course, be tested, where possible, by outdoor observations. The farm-
ing country around the city of Washington, therefore, is utilized for
such observations, and studies are constantly being made in the large
park in which the buildings of the Department are situated.

In the case of insects which will not flourish in the climate of the
District of Columbia, careful field studies in the locality of injury are
necessary. Formerly the division had field agents in different sec-
tions of the United States. With the establishment of the State
experiment stations, however, the continuance of these field agents
was considered unnecessary, since almost every State now has its
official economic entomologist. Some States, however, are still unsup-
plied, and members of the office force of the division are frequently
- sent out into these States to investigate insect outbreaks which seem
~ to need urgent investigation. ‘

As illustrative of these two forms of investigation we may mention
the San Jose scale and the Mexican cotton-boll weevil. The presence
of the San Jose scale in the East was first recognized by the present
chief of the division in 1893. During the following year a careful
study of its life history was made in the ‘‘Insectary” at Washington,
D. C., and for the first time its complete life round was carefully
investigated. The history of the insect was so fully displayed that
there has been no necessity for State entomologists to spend any time
on this part of the extermination problem. -This work was all done
in the immediate vicinity of Washington, D. C.

The Mexican cotton-boll weevil, however, is known only in the
State of Texas. Texas, although it has an agricultural experiment
station, has no official entomologist. It became necessary to investi-
gate this insect on the spot, and during the past three years four
experts connected with the division have at different times studied
the species in-portions of Texas.

The number of insects requiring especial study of this kind is some-
what surprising. During.the past sixteen years about 8,000 species
have been studied with regard to their life history in this way. This
means a total of 500 species new to the notebooks each year, addi-
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tional notes being made each year upon species which have already
received some study, so as to bring the total of species studied annu-
ally to an average of about 1,000.

REMEDIAL INVESTIGATIONS.

As will be inferred, the object in view in all of this study is to see
how the insect can best be handled and the injury which it does pre-
vented, so, together with this study of the life history, or, rather,
supplementary to it, there is carried on experimentation from a reme-
dial standpoint. Remedies are constantly being tested, and new
insect-destroying substances are being experimented Wlth Such
substances are tested not only as to their effects under varying condi-
tions upon the insects themselves, but also as to their effect upon the
plants upon which the insects feed and as this eifect frequently
varies in warm weather and in cold weather, in wet weather and in
dry weather, and even at different times of the day, a large amount
of experimentation is involved in this branch of the work. Appara-
tus for the distribution of insect-destroying substances are also being
tested. In former years much experimental work in the devising and
construction of such apparatus was done and at least one result of
lasting value was reached, viz, the invention of the cyclone or eddy-
chamber system of nozzles, which has since come into general use in
all parts of the world for the distribution of insecticide and fungicide
mixtures. Of late years, however, the rapid increase in the use of
spraying machines among farmers and fruit growers has attracted
private enterprise to this field, and many business firms are engaged
in the building and perfecting and sale of such apparatus. Within
the past year, however, the division has had a gasoline motor spray-
ing apparatus constructed for experimental work, which seems admira-

“bly adapted for community spraying of orchards and for work against
shade-tree insects in cities and towns.

MORE GENERAL INVESTIGATIONS.

This investigating work is not entirely haphazard emergency work;
that is to say, the division does not confine itself to investigating the
specific insects which are brought to its attention as prominently
‘injurious in this or that locality. Time is frequently saved by inves-
tigating groups of insects, or by investigating the whole subject of
the insects which affect a certain agricultural product. Thus, studies
have been made of the group of insects which in their larval state
are known as cutworms, no matter what crop they may affect; ‘80,
also, with the scale insects. Then again, the entire subject of the
insects affecting the orange has received investigation; also insects
affecting cotton, insects affecting live stock, insects aife(,tmg cab-
-bage, etc.
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PUBLICATIONS OF THE DIVISION.

As a publishing bureau, the division issues a series of bulletins of
_general interest to farmers, some of them confined to one specific
topic, such as the manual of apiculture, the bulletin on the San Jose
scale, the bulletin on household insects or the bulletin on insects
affecting live stock, and others containing a variely of shorter miscel-
laneous articles. It has also issued from time to time large reports
dealing with some topic of greater scope, and other such reports are
in process of preparation. Further, with the view of reducing the
labor of correspondence, a series of circulars was undertaken, of
which 26 numbers have been published. Each of these circulars gives
an illustrated, condensed, practical account of some one prominent
- injurious insect. With the gradual growth of this series of circulars
the Department will eventually have in print what will amount prac-
tically to a compendium of practical entomology for the United States.

The publications of the division are circulated as extensively and
as freely as the terms of the law governing the printing and binding
of Government publications and the funds at the disposal of the
Department for that purpose will permit.

““INDIRECT” WORK OF THE DIVISION.

The work of the division which may be termed ‘“indirect,” as opposed
to these perfectly obvious efforts to answer the question proposed in
the opening paragraph of this paper, is, perhaps, quite as important as
that which has already been discussed. This work is mainly con-
nected with assisting the farmer, not directly, but through the eco-
nomic entomologists of the United States, and, to a lesser extent, of
foreign countries. It consists mainly in the preparation of bibliogra-
phies and of technical bulletins, in naming specimens sent in by these
entomologists, and in giving them information about the literature.
Thus, there has recently been printed a bibliography which gives the
titles of all articles on American economic entomology published down
to the year 1888. Together with the titles is given a short abstract of
the contents of each article, and the work is cross indexed in such a
way that any person by its use can learn in a moment’s time exactly
what has been published upon any given injurious insect. There is
now completed in manuseript a supplementary bibliography, bringing
our published writings on American economic entomology down to
the close of the year 1896, and it is proposed hereafter to publish
annual supplements.

The work in the naming of insects, for experiment station entomol-
ogists principally, is greatly facilitated in Washington by the presence
of the great collection of insects in the U. S. National Museum, which -
was built up largely through the Department of Agriculture, and of
which the Entomologist of the Department has eharge, and forms
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another extensive branch of this indirect work. Many thousands of
species are thus named each year for outside workers. The posses-
sion of a fairly extensive library also enables the division to give
references to literature and to look up for outside workers matters
published in books inaccessible to them.

There is, further, a class of work which, while direct in its ultimate
bearings, is still indirect as regards immediate results, and concerns
the entomologists of the different States. This work is connected with
investigations covering a wide extent of territory. Such work, for
example, is the study of the geographical distribution of injurious
insects, the ascertaining of the boundary lines of such species, the
study of the spread of imported pests, the bringing together of all
facts relating to differences in life history and habits which depend
upon differences in geographic situation, climate, precipitation, ete.
In such work the division is assisted by the entomologists of the dif-
ferent States and the results are of reciprocal benefit. It is hoped
eventually, for example, that the study of localities of injurious
abundance of the principal injurious species will be carried to such a
point as to enable the economic entomologist to determine with accu-
racy of any given locality that such and such an injurious insect
will or will not affect such and such a crop in that locality.

Thus, the Division of Entomology occupies to a certain extent the
position of a central consulting office for the numerous State oftices
and for other entomologists interested in the practical application of
the study.

The correspondence of the division with the economic entomologists
of foreign countries is very extensive and is of reciprocal benefit.
The principal crop pests in foreign parts, which are at all times liable
to be introduced into the United States, become thus known to the
division, new methods in the way of remedial work are thus ascer-
tained, and there is an occasional interchange of beneficial insects. It
was by such foreign correspondence that the former chief of the
division learned of the probable existence of some efficient natural
enemy of the white, or fluted, scale in Australia, and was induced
to send an assistant in search of it, an act which saved the orange
and lemon industries of California from probable extinction, and at
this time the present chief is sending, by the aid of the California
State Board of Horticulture, natural enemies of the same destructive
insect to Egypt and Portugal. Activity in America in the study of
injurious insects has been so great of recent years, and legislative
encouragement has been so steady, that the United States has achieved
a very prominent position in investigations in economic entomol-
ogy. The officers of the division are therefore constantly appealed
to for advice by the officials of other countries, and at the same
time returns are made in the way of information along the lines just
indicated.
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DIVISION OF BOTANY.

By FrEDERICK V. COVILLE, Botanist.
INTRODUCTION.

In the organic law creating the Department of Agriculture, enacted
in 1862, provision was made for scientific officers of three classes,
namely, chemists, entomologists, and botanists. It was not, however,
until 1869 that a Division of Botany was actually organized. In the
twenty-eight years since the division was established three men have
held the position of botanist: First, Dr. C. C. Parry, who occupied
the position for two years, and whose principal achievement was the
formation of a National Herbarium; second, Dr. George Vasey, who
was botanist of the Department from 1872 to 1893, and whose lasting
works were the building up of the National Herbarium and the. dif-
fusing of information relative to the agricultural grasses of the United
States; and, third, the present incumbent, under whom a diversity of
botanical work, to be described in detail hereafter, has been developed.

The history of the Division of Botany has been the history of the
application of a technical knowledge of botany to the plant problems
of agriculture. At first the application was hesitating, remote, and of
questionable .or slight utility; but little by little the real problems
have come to be more clearly apparent and the manner and means of
attacking them better understood. The American botanist of a gen-
eration ago was supposedly a man fully informed on every branch of
botanical science, and from whom was expected, accordingly, a ready
and authoritative decision upon every new plant problem. The Amer-
ican botanist of to-day is a man who approaches a new, difficult, and
important problem in the attitude of a student, his first duty being to
grasp every detail of the problem, his second to conceive and elabo-
rate the solution, and his third to lay it clearly before the publie.
Formerly botanical science was considered something apart from prac-
tical affairs, a subject to be studied for its inherent interest only; now
it is recognized that the public is the court of final appeal, and that
-investigations productive of real and fundamental knowledge, most
intimately connected with human progress, are those chiefly to be
pursued.

It is not to be expected that the history of the Division of Botany
“will show an unbroken series of problems presented, elaborated, and
dismissed. The earlier conditions did not render so smooth a course
possible. Much of the energy expended was doubtless unproduc-
tive. But the fact rémains that a large proportion of the successful
investigations in American agricultural botany were initiated in
this division, some of them being carried to completion within it,
others developing such importance as to have been deemed worthy
of separation into distinet divisions. It is not possible in a brief
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sketch to give a detailed account of all the work done by the Division
of Botany, but it is possible to cite a sufficient number of examples
to give an idea of the whole.

THE NATIONAL HERBARIUM.

‘When the Division of Botany was established, in 1869, the Smith-
sonian Institution already had in its possession the botanical collec-
tions of several Government expeditions, and the Commissioner of
Agriculture, Hon. Horace Capron, recognizing that a herbarium was
a necessary part of the equipment of the new division, made an ar-
rangement with the Smithsonian Institution, through its secretary,
Joseph Henry, by which these collections were placed in the safe-keep-
ing of the Division of Botany, though still remaining the property of
the Institution. The result of this arrangement was that the Depart-
‘ment of Agriculture had from the start a large reference herbarium,
to which additions were made constantly both by the Department
itself and by the Smithsonian Institution until the herbarium finally
Teached such dimensions that its maintenance became a financial
burden to the Department. In 1896 the Smithsonian Institution
again assumed its custody. At the time of this retransfer the herba-
rinm was estimated to have a value of $150,000 to $250,000. It should
always be remembered that to the Department of Agriculture, and
specifically to the Division of Botany, is due chiefly the credit for
the building up of this great series of collections. The herbatrium is
still in daily use by the Department in its various botanical inves-
tigations, and as indispensable a part of its equipment as a library
or experimental grounds. Under the present arrangement the De-
partment has the use of the herbarium without the expense of its
maintenance.

FORAGE PLANTS.

As early as 1874, Dr. George Vasey, the Botanist of the Department,
began his work on the improvement of the forage supply of the United
States. At that time the hay product of the country amounted to
about 25,000,000 tons per annum. In the Northeastern States the
forage problem was already, in the main, solved, but in the South and
in the West there was a deplorable lack of suitable forage plants.
New England and New York had brought their grasses and clovers
from Great Britain, and owing to a general similarity of climate had
found them satisfactory. Their use had extended also to the middle
West with equal success. With the increase of stock raising in the
cotton country of the South, however, it was found that the old and
-well-known forage plants must be replaced. by others better suited to -
the warmer climate. During the next decade, following the rapid
depletion of the wild forage supply of the far West and the establish-
ment of homesteads throughout that region, the similar discovery was
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made that the common forage plants of the East could not withstand
the dry climate there prevailing. For many years the Botanist by
correspondence brought together every particle of information avail-
able along these two lines, and in 1884 put it together in the form of
a book entitled ‘‘The agricultural grasses of the United States.” It
was this report that the late Representative Hatch, of Missouri, long
chairman of the Committee on Agriculture of the House of Repre-
sentatives, declared to be, in his opinion, the most valuable report up
to that time issued by any of the scientific divisions of the Depart-
ment. of Agriculture. This report was very widely distributed, and
a second and revised edition was issued five years later.

In the year 1888 the lump-sum appropriation for botanical investi-
gations and experiments was increased from $2,000 to $20,000, and
the establishment of forage experiment stations was authorized. The
principal station established under this act was at Garden City, in
western Kansas, a situation typical of the subarid area known as the
Great Plains. A large number of grasses, both native and foreign
species, were cultivated at the station without irrigation. At the end
of the five years’ lease, in 1893, after the various species clearly not
adapted to the region had been thrown out year by year, the experi-
ment resulted in the demonstration that two forage plants, Hungarian
brome and red Kafir corn, and one grain, Jerusalem corn, were the
crops best suited to cultivation in those portions of the southern Great
Plains where irrigation was impracticable. A few other plants, nota-
bly Colorado bluestem, gave promise of success, and their cultivation
has since been followed up in other portions of the plains. The most
important of the contributions of this Garden City station to the
progress of agriculture, however, was to demonstrate that the grain-
producing varieties of Kafir corn, particularly the variety known as
Jerusalem corn, was of all known grains the best adapted to the
region. Both maize and wheat were in most years a failure, on
account of the scant rainfall, and had not this new grain been intro-
duced the nonirrigable lands of the region would have lapsed into
their original uncultivated condition. The station was an object
lesson to thousands of despairing farmers. It showed them that Kafir
corn could produce a good crop when everything else was killed by
the drought; that Kafir corn was the equal of maize for fattening
hogs and feeding farm stock, and that it could be made into good
bread. Thousands of bushels were distributed among the farmers,
and they found the grain as successful on their own farms as at the
station. At the end of the five years’ life of the station Kafir corn
was very generally cultivated, the shipment of fat hogs had shown
a marked increase, and the farmers were making a far more com-
fortable living than before. Since that time Kafir corn has become
the leading grain crop in western Kansas and western Oklahoma,
and its cultivation is now thoroughly established.
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In the Southern States, also, the betterment of the forage product
was undertaken by means of the same appropriation that made the
Garden City experiments possible. Collaboration with the experi-
ment stations was effected in the States of Louisiana, Mississippi,
Florida, Georgia, and North Carolina. Grasses and other forage
plants to the number of 508 were tried, experimentally, and about 35
were found successful. About 12 of these fill the practical require-
ments of the South, covering the different soils and the different
seasons of the year. To show the enormous benefit resulting from
these experiments it is only necessary to cite statistics relative to the
yield of hay in the five States in which the experiments were con-
ducted. According to the census returns for 1880 this yield (per acre
of hay in these States) averaged 0.86 ton, the average for the whole
United States being 1.14 tons. The report of the Division of Statistics
for November, 1893, the year in which the experiments were completed,
so far as the Department of Agriculture was concerned, shows that
in that season these five States had increased their yield to 1.66 tons
per acre, while the average for the entire country had increased to
only 1.32 tons. At the beginning of the fiscal year 1895-96 a new
division, the Division of Agrostology, was established, which assumed
the work of forage investigations. To thisdivision that portion of the
corps of the Division of Botany previously engaged in such investi-
gations was transferred.

FUNGOUS DISEASES OF PLANTS.

In his annual report for the year 1872, the Botanist touched upon
the subject of the fungous diseases of plants, quoting an account of a
valuable piece of work that had been done on the plum and cherry
disease known as black knot. No reference to investigations in this
line are found in the annual reports thereafter until 1885, in which
year the report of the Botanist contained a preliminary notice of sev-
eral diseases under examination. The investigations in this direction
were pushed for several years. In the case of two diseases, the downy
mildew and black rot, both of the grape, effective remedies were
announced and means for their economical application were devised.
As a result, an industry which was before liable to enormous losses
in unfavorable years was transformed into one that could be regularly
depended upon to produce substantial results. There are no statis-
ties which show the amount in dollars thus saved to our fruit growers,
but unquestionably losses which would have aggregated hundreds of
thousands of dollars have been prevented in the few years since these
discoveries were made and published. At the present time an appli-
cation of these remedies when the diseases threaten to break out is as
much a part of the raising of good grapes as the use of a hoe or cul-
tivator is a part of the tilling of ordinary farm crops. In course of
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time (1889) this branch of the work was confided to an independent
division, now known as the Division of Vegetable Physiology and
Pathology.

PURE SEED.

One of the first measures taken in 1893 toward a reorganization of
the Division of Botany was to establish and equip a laboratory for
testing the quality of commercial seeds. In the spring of 1895, after
the seed intended for distribution by the Department had already
been purchased, it was decided for purposes of general information to
test them. The tests showed that some of the seed was of very poor
quality, and that in a few cases deliberate fraud had been perpetrated.
For the first time in the history of the Department did its authorities
know the real quality of the seeds they had distributed. The follow-
ing year there was a revision of the seed-purchasing methods of the
Department, and year by year these methods have been improved,
until now the Department not only knows exactly the quality of the
seeds it distributes but pays only for the good seed. The five firms
furnishing seed for the distribution of 1897 were under contract, in
case any seed fell below a specified standard of purity and germina-
tion, to pay back to the Department a proportional amount of the
contract price. The total drawback collected by the Department
under its contract and based on the tests made by the Division of
Botany amounted in this one season to $3,397.86.

Reputable seed dealers handle good seed, but a great deal of trash
is placed on the market by irresponsible firms. The Division of Bot-
any in order to point out more forcibly the existence of such poor seed
has tested a large number of samples purchased in the open market
or sent in by correspondents. It has examined seed sent out as
““extra-cleaned Kentucky blue grass” that contained only 26 per cent
of Kentucky blue grass seed. It has examined samplesnamed Rhode
Island bent grass that contained only 2 per cent of the seed of that
grass.  Such seed may cause the almost total failure of a crop, but
seed of a considerably higher percentage of purity often does harm of
a different character. A sample of timothy seed of the 1897 crop
offered for sale at the Chicago board of trade and rejected was sent to
the Department to be tested. It contained 29.8 per cent of impurities,
consisting chiefly of the seeds of two weeds, one at the rate of 288,000
seeds per pound, the other at the rate of 450,000 per pound. Recently
the division received from a Maryland farmer a sample of clover seed
about which he wanted an opinion. It was found that, though it
looked like high-grade seed, in reality 36.7 per cent consisted of the
seed of yellow trefoil, a weed the seed of which so closely resembles
that of clover as to be readily distinguished only by an expert. There
is every reason to believe that this was not an impurity of the ordinary
sort, but a deliberate adulteration. A similar case occurred in a lot
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- of grass seed purchased by the Department two years ago for general
distribution. A sample of supposed yellow oat grass which cost $50
per hundred pounds was found upon critical examination to contain
74.4 per cent of impurities, mostly consisting of the seed of wood hair
grass, worth about $10 per hundred. It was ascertained that this
adulteration had originated in Europe, and that the American im-
porters had themselves been deceived.

The importance of good seed to successful farming has become so
.generally appreciated within the past few years among agriculturists
-that the Association of Agricultural Colleges and Experiment Stations
.recently appointed a committee to devise a uniform system of seed
testing. The Division of Botany was represented on this committee,
-and- a report, following in the main the system .the division had

already tried and found successful, was adopted. Thus, the results of

“the work are becoming widely disseminated throughout the United
States, and can not fail to be productive of the highest good.

‘WEEDS.

The subject of weeds is one that has always been prominent in the
correspondence of the Division of Botany. The questions received
are often difficult to handle, but the Department has nevertheless
investigated many of them, and has published information which
would enable an intelligent and industrious farmer so to deal with
particular weeds as to destroy the greatest number with the least
expenditure of labor. The Russian thistle, which came prominently
before the public on account of the widespread damage caused by it
in the Northwest, furnishes an illustration of Department work in
‘this line. An assistant botanist was sent to the Dakotas in 1892 and
again in 1893, and the whole life history of the plant was worked out.
It was found that by cutting the weed at a certain season, August 1
to 20, the formation of seed could be prevented. On the basis of this
knowledge the method of dealing with the weed in the Northwest was
chiefly established. Exactly how much actual gain these enlightened
methods of handling the weed have brought to the farmers of the
Northwest it is impossible to estimate, but there can be no doubt
that they constituted a vast improvement over earlier ineffectual
-methods of procedure. Various other weeds have been taken up in a
similar manner, and descriptions of their vulnerable points published.

One direction in which the Division of Botany has been in many
cases conspicuously successful in the handling of weeds is in pre-
venting their introduection into uninfested portions of the country.
Through a large number of correspondents in all parts of the United
States the division is kept informed as to the distribution of our
-worst weeds, and maps showing at a glance their present range are
constructed and kept on filee. When information is received that

-
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one of these weeds has been found far beyond its known limits the
local authorities are advised of the fact and the importance of
promptly destroying it suggested, together with means by which this
destruction can be acecomplished. In the case of the Russian thistle
this plan has been pursued with success. The authorities in Cali-
fornia, for example, were notified by the Department of Agriculture
that the Russian thistle was growing at a certain railway station in
that State and were advised to root it out. The State authorities
thereupon employed an agent to traverse the railroad lines and wher-
ever the Russian thistle was found to exterminate it. This has been
done successfully, and, while it is quite possible that the Russian
thistle may ultimately become established in California, such estab-
lishment will be postponed for many years, and the enormous damage
to the wheat crops warded off for just that period. It was estimated
that in 1893, a season favorable to its growth, the Russian thistle
damaged the wheat crop of the West to the extent of $3,000,000
to $5,000,000.

The woolly mullein, a European weed, was discovered a few years
ago by one of the correspondents of the Division of Botany at a cer-
tain point in the State of Kentucky. An assistant was sent to exam-
ine into the case. It appeared that the weed was likely to prove
a bad one, but that only a small area had been infested up to that
time. The authorities at the State experiment station were notified,
and in due time the division was informed by them that the infested
area had been carefully cleaned and that it was believed the weed
had been exterminated. Had the same thing been done with the
Russian thistle ten years ago an amount would have been saved
the wheat growers of the Northwest sufficient to pay the cost of main-
taining the whole Department of Agriculture for many years to come.

A study of the means of dispersion of weed seeds has been made,
and it appears that most weeds are introduced first in impure seed
from abroad, that when once introduced they are rapidly carried from
point to point and from State to State through the various channels
of trade, particularly in commercial seed, in grain, and in the litter
of cattle cars, the most important lines of dispersion being the rail-
roads of the country. The railroad companies have been very quick
to respond to suggestions that their right of way be kept clear of weeds.

The State legislation relative to the destruction of weeds has been
examined into by the Division of Botany, and it is found that almost
all the State weed laws are inoperative, either because they are not
explicit or because their execution is too cumbersome and too expen-
sive. A compilation of all the State weed laws has been made, and a
model weed law based on the investigations of the Department has
been prepared’ and published. Recent legislation by some of the .
Western States has followed closely this model law proposed by the
Department.
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POISONOUS PLANTS.

In the year 1894, on account of numerous inquiries received rela-
tive to poisonous and medicinal plants, an assistant with the necessary
botanical and chemical education was secured and set at work upon
the study of those plants which were the most common sources of
poisoning in animals and man. The original investigations up to the
present time have been confined principally to laurel and related
plants which contain the principle known as andromedotoxin, a poison
often fatal to sheep, cows, and sometimes to other farm stock. A
widespread demand for information about those poisonous plants
which are a menace to children has temporarily taken the place,
however, of special chemical and physiological researches, and a -
Farmers’ Bulletin and other publications of a similar nature on our
common poisonous plants have been prepared. While, therefore, the
investigations of poisonous plants have not as yet reached the point
at which their value to the farmer in telling him how to prevent the
death of his animals from eating poisonous plants can be expressed
in dollars and cents, nevertheless a large amount of valuable general
information has been published which the public is very glad to get
and could not get in any other way. '

NATIVE PLANT RESOURCES.

The early transcontinental expeditions and surveys carried on by the
Government were usually accompanied by a naturalist, a part of whose
duties was to do botanical work. The report written by this officer or
based upon his collections customarily consisted of a systematic enu-
meration, sometimes with descriptions, of the plants collected on the
expedition, but it was seldom that any real economic deductions were -
drawn from these researches. Most of them constituted what may be
called pure scientific work. For many years there has been a demand, -
particularly in the far Western States, for fuller information regarding
our flora. The Division of Botany, therefore, several years ago under-
took a systematic exploration of the least-known parts of our country,
cataloguing the plants collected, discussing the natural agricultural
areas as outlined by the extent of particular plant formations, enu-
merating all the known local uses of plants, especially among the
aborigines, and drawing various economic conclusions. Among these
reports the one entitled ‘‘Botany of the Death Valley expedition” enun-
ciated the principles of plant distribution, particularly as illustrated
in the Southwestern United States. The ¢ Flora of the sand hills of Ne-
braska” pointed out the peculiar conditions under which the vegetation
of the region has been differentiated, and drew therefrom some perti-
nent conclusions. A third paper of the same class wasentitled ‘‘General
report on a botanical survey of the Ceeur d’Alene Mountains in Idaho.”

Another report entitled ‘‘Notes on the plants used by the Klamath
Indians of Oregon” is an account of the aboriginal uses of plants by

4 A97 7
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oneof our native tribes. It contains a number of facts which are very
suggestive in the direction of taking up in our own agricultural econ-
omy, for food or other purposes, some of the plants used for centuries
by the native tribes of the United States. One of the plants men-
tioned several years ago in the annual report of the Botanist as in use
_among the aborigines and as giving promise of importance as an agri-
cultural product is canaigre. This was employed by the Southwestern
Indians as a native dye and tan. Its cultivation has proved in recent
years to be thoroughly practicable and a mmarked commercial success.
It is undoubtedly true that other plants used. by the American abo-
rigines will fill places in civilized agriculture in the same manner as
maize, the potato, the tomato, canaigre, and others have already done,
and it is to make a record of all the facts that are likely to be sugges-
tive in this direction that the Division of Botany is conducting these
investigations. The sum total of miscellaneous investigations brought
together by this method after a period of several years forms a valua-
ble record.
NEW AGRICULTURAL CROPS.

‘Within the past year the Division of Botany has devoted its atten-
tion to the investigation of certain agricultural crops which are now
imported in large amounts and which could probably be grown in the
United States with profit. The value of these miscellaneous imports
amounts to $8,000,000 or $10,000,000 annually. The first one taken
up forinvestigation was chicory, the dried root of which is imported for
manufacture into a coffee substitute, the total imports for this purpose
amounting to $250,000 per annum. Investigation hasshown that this
crop can be grown successfully, and there is no doubt that it can be
grown with profit. Itisbelieved that experience will show that within
ten years practically all the chicory used in this country will be grown
" within the United States, should the present trade relations continue.

Ag illustrating what can be done in the direction of miscellaneous
crops, may be cited the case of pyrethrum, the plant from which
insect powder is manufactured. The following statement shows how
the imports of the powder manufactured from pyrethrum and similar
plants have decreased during the past ten years from $129,783 to $2,134:

Value of imports of insect powder.

1887 - . e e e e $129, 783
1888 o e e 127,913
1889 - - o e e e e e e 89, 429
1890 - o o e e eee 46,208
1891 e o e . 23,698
1802 _ oo e e e 17, 691
1893 - o e e e e 15,765
1804 e e 16, 027
1895 - - o o e e 786
1896 e 2,134
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This means that the experimental cultivation of pyrethrum in
California about fifteen years ago has proved a success, and that we
are now able to grow all of the product we need. Our investiga-
tions relative to new agricultural crops have practically only just
begun, and it is impossible to point out actual results in dollars and
cents. Such results will not be evident to their full extent until the
introductions favored by our reports have been attempted by farmers
and their practicability substantiated or otherwise.

DIVISION OF VEGETABLE PHYSIOLOGY AND PATHOLOGY.

By B. T. GALLOWAY, Chief.
INTRODUCTION.

It is written in nature that all living things must die, and plants
grown by man for food and raiment are no exception to this law.
Long before plants were cultivated they were subject to diseases,
‘which at times carried off many forms, and these, in the constant
struggle in which all nature takes part, gave place to others better
adapted to the surrounding conditions. As time progressed man
found it necessary to increase his food supply, and to do this certain
plants were brought together and made to grow out of nature’s usual
way. Thus was born the art of agriculture, and from the few simple
practices followed at first there have developed the infinite complica-
tions and variations in the methods known to-day. But man in his
desire to make all nature subservient to his will was not to escape
the penalty of changing the usual course of nature, so it followed that
when he began to grow plants and to introduce new forms from time
to time he also introduced the diseases which have prevailed among
such forms in their wild state.

The introduction of diseases, however, was not the only problem
brought forward by the efforts of man to keep pace with his own
wants. By the removal of forests, the tilling of the fields, and the
causing of crops to grow in widely extended and often compact groups
the equilibrium in nature, which in a wild state is at least approxi-
mately attained, was severely disturbed, ard thus in many cases better
opportunities for development were afforded the foes of cultivated
plants, for they had more material to work upon and the resistance
to their attacks was naturally less.

It is not strange, therefore, that references to the diseases of plants
are found in the earliest literature. The destructiveness of blights
and mildews was known and appreciated in ancient times, and cere-
monies were offered to the gods and other practices followed for the
purpose of keeping these pests in check. As knowledge increased



100 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

and experience opened new fields of thought, a better understand-
ing of the nature of many of the diseases was acquired. Even at the
present time, however, the matter is often bewildering to the husband-
man, owing partly to the obscure nature of many of the diseases and
the difficulty of understanding questions which only long and special
study. can make entirely plain. The perplexities connected with
.the subject are often made greater by the very fact that the disturb-
ances which brought various diseases into activity in the past are still
at work in a more intensified form than was the case even a compara-
tively few years ago. Man himself is the prime.factor in bringing
about this state of affairs, and so long as he continues to change the
habits of his plants (to strive to improve them, in other words) just
so long will he, by this very action, keep them in a state of unbalanced
equilibrium, and very little disturbance in any direction will often
completely upset them, and in the end cause them to succumb to their
foes in one way or another.

Thus, it appears that diseases have been in existence as long as
plants, that they will continue their destructive work in various ways
and under varying conditions, and that they are likely to be particu-
larly bad so long as man continues his work as a disturbing element.
That the scope of the work about to be described may be more clearly
understood, it may now be -well to consider briefly what is actually
meant by disease.

DISEASE AND ITS VARIOUS FORMS.

"It may seem easy at first thought to define disease, but when we
come to congider the various questions involved we find the matter
complicated in a number of ways. Strictly speaking, a plant or other
organism may be considered diseased when from any cause its func-
tions become abnormal. If this definition is accepted, however, it
will be seen that there are numerous cases where plants ordinarily
considered healthy are in reality diseased. Thus, many plants are
incapable of propagating themselves, and but for the care of man
would disappear. In such cases certain functions are deranged, and
in this sense the plant is in reality diseased. From the standpoint of
the grower of such plants, however, they are not looked upon as dis-
eased, unless in some way their value to him is lessened or entirely
curtailed. The term, in other words, is a relative one. '

FACTORS CAUSING DISEASE.

Disease, then, as the farmer, gardener, and fruit grower understand
it, may be brought on by a great many causes, and it will be under-
stood that these causes are often exceedingly complicated and diffi-
cult to unravel. In so far as we are at present concerned it may be
said that diseases of plants are due to two sets of factors: (1) The

influences of the inanimate world, such as unfavorable soil, too much
4
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or too little moisture, excessive heat or cold, too much or too little
food, ete., and (2) the action of living organisms, principally insects
and minute plants known as fungi. With insects we are not con- -
cerned, as they properly belong to another branch of the Department.
The fungi are a great group of plants, which for the most part are so
minute that they can be seen and studied only with the aid of the
mieroscope. Thousands of forms are known, and there is scarcely a
crop that is not subject to attack from one or more. It is not neces-
sary at this point to go into detail as to how these minute organisms
live, grow, and reproduce themselves. Suffice it to say that in the
main they can not obtain their food from the air and soil, hence they
must look elsewhere for it, and in the crops we grow they find it
already prepared. TUpon these crops they fasten themselves and pro-
ceed to rob them of their nourishment, and the plants thus attacked
gradually become weak and die unless by some means the power of
the fungus to do its work is checked. It must be remembered, how-
ever, that no sharp line can be drawn between the diseases due to
unfavorable conditions and those in which fungi take part. In every
case where the matter is carefully studied, it is found difficult to say
where the effects of one factor or set of factors begin and those of
another leave off. An example or two will make this matter plain
and at the same time indicate the general lines followed in making
investigations.
EXAMPLES OF DISEASES.

From the examples following a fair idea may be formed of some of
the diseases with which the grower of plants has to deal. Only a bare
outline of the simplest facts are given, however, as it is neither neces-
sary nor desirable to go into details in the present paper.

Root diseases.—It is not uncommon to find fruit trees and other
plants gradually losing vitality, the leaves becoming small and yellow,
and the entire growth more or less stunted. A study of such plants
and their surroundings may reveal the fact that the roots have been
slowly killed, and the plants being unable to get proper food and
water have died of starvation, complicated, it is true, with other
troubles which necessarily accompany the destruction of the roots.
The death of the roots may have been due to lack of air in the soil,
this being the direct result of the size and arrangement of the soil
grains. Soils of this kind, and they are not uncommon, are quickly
made wet, and as soon as the water between the grains exceeds a cer-
tain amount circulation of the air is stopped, the activity of organ-
isms necessary to the life of the soil is checked, the roots are slowly
suffocated, and a long train of other changes follow, and as a final
result the plant dies. Of course, it must be understood that the mere
yellowing of the leaves of a plant, accompanied by a dwarfing of
growth, is not always brought on by the conditions described. Other
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surroundings may produce similar results, and it is on this account
-that the questions involved are often so perplexing. In the case just
-described neither fungi nor inseets have played any important part,
although it is not uncommon to find certain forms present in advanced
-stages of the disease. These, however, are to be looked upon more
in the nature of scavengers, as they play no important part in the
real death of the plant.

Changes brought about in plants by man.—We may now consider a
second example, in which changes in the functions are inadvertently
brought on by man, and as a result of these changes a fungus, which
under normal conditions could not obtain a foothold upon the plant,
comes in and carries destruction and death withit. It is occasionally
‘the practice in orchard work and in cases where trees are grown for
shade and ornament to severely prune them. Sometimes this is done
to top graft with other varieties and sometimes merely to remove
what is considered an excessive growth of wood. Frequently the cut-
ting away of large branches throws the functions of the tree entirely
out of balance. The plant has grown with a certain relation between
the development of its roots and branches, and if a considerable num-
ber of the latter are removed a corresponding portion of the roofs, if
left, must eventually die, for the top of the tree will not be able to
support them in health. In the various destructive changes which
take place at such a time the whole tree may become involved. The
partly decaying roots bring about changes in the food supply, and this
in time causes an imperfect development of all the tissues above
ground, the leaves, branches, and trunk becoming more or less weak-
ened and consequently less able to resist the attacks of outside organ-
isms. Under such conditions the tree is often attacked by a fungus
which slowly kills the living wood of the trunk and larger branches.
Eventually the trunk may be entirely girdled by this organism, and
the tree will in consequence die. Aslong as the tree performs its fune-
tions normally the fungus is unable to gain a foothold, although
perhaps present at all times. Were it not for the action of the fungus
the tree would doubtless have eventually adapted itself to the changed
conditions, and with proper care would have recovered.

Fungous diseases.—Now, turning our attention to an example where
the fungus itself takes the aggressive part from the start, we may cite
the case of the well-known potato blight, or downy mildew, which in
past years has been the cause of a loss of millions of dollars in this
and other countries. Potato fields which throughout the season have
been green and vigorous, when attacked by this disease suddenly turn
brown in July and August, and within a few days the plants become
a rotten, foul-smelling mass. An examination of the foliage of the
diseased plants soon after they commence to turn brown reveals little
to the eye. Here and there tufts of a whitish, downy growth may be
seen scattered over the surface of the leaves, but without the aid of
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a microscope it is impossible to make anything out of them. When
that instrument is brought into use, however, it is seen that the downy,
frost-like growth consists of a miniature forest of delicate, whitish
threads, branched and rebranched like the limbs of a tree. Upon
the ends of the delicate branches minute, egg-shaped, colorless bodies
are seen, and they break off easily if slightly disturbed. By proper
manipulation of the microscope it will be seen that the little tree-like
growths send their delicate threads down into the tissues of the leaf,

~and that wherever they come in contact with the tissues they rob them
of their nourishment and use it in building up their own structures.
The small, egg-shaped bodies described are for the purpose of repro-
duction, fulfilling the same office as the seed of higher plants. Rain
or dew or slight currents of air cause these bodies to break from their
delicate supports. Many are lost or destroyed, but many others reach
healthy potatoleaves, and there, in the presence of the proper amount
of moisture and heat, they germinate and produce the same kind of
delicate threads as those from which they originated. In this way
the disease is rapidly spread, only a few days being necessary for each
successive crop of reproductive bodies to develop, and as millions are
produced on each leaf, it will be seen that the fungus may, under
proper conditions, be quickly disseminated.

LOSSES CAUSED BY DISEASE.

It would be difficult to give a fair idea as to the number of plant
diseases and the damage they cause in the aggregate. So many fac-
tors come into play and so many complications are involved that only
approximate statements can be made. It is probable that the loss in
the United States from the diseases affecting cereals, such as smuts
and rusts, will alone amount to $25,000,000 or $30,000,000 annually.
Cotton, tobacco, potatoes, and other staple crops are correspond-
ingly damaged, and the same is true of many similar crops. While
the losses are sorely felt by farmers as a whole in such cases as
have been mentioned, they are particularly noticeable and are felt
with striking severity where intensive lines of work are followed and
certain crops grown as specialties. In such cases it is the individual
who has tangible evidence as to the actual amount he is out of pocket
as a result of the attacks of certain diseases. A case in point is found
in the growing of oranges, lemons, and other citrus fruits in Florida,
where, judging from carefully collected data, it appears that the loss
in one year from diseases which have been studied was more than
$450,000. This loss, falling as it did upon a comparatively few indi-
viduals, was of course felt all the more severely. When other fruits,
vegetables, and the many plants grown for ornament and for flowers
are considered, the injuries become more and more striking. Proba-
bly it would not be overestimating the loss from plant diseases as a
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whole in this country to place it at $150,000,000 to $200,000,000 annu-
ally. We will now see in what way the Department is endeavoring
to help the husbandman in this matter, and will point out as clearly
as possible a few of the results.

METHODS OF CONDUCTING INVESTIGATIONS.
NECESSITY OF A THOROUGH KNOWLEDGE OF PLANTS.

From what has been said, it will be understood that, generally
speaking, to arrive at any definite conclusions in regard to the treat-
ment of a disease a knowledge of the cause or causes must first of
all be obtained. Empiricism in such matters can not long avail,
although it may be and is sometimes followed with more or less bene-
ficial results, and moreover no rational understanding of a disease
can be obtained without first knowing how the plant behaves in
health. The very foundation of all work on the diseases of plants, or
vegetable pathology, therefore, should be a study of the normal life
processes, or vegetable physiology; in other words, to fully appreciate
the changes which are taking place in a diseased plant and the con-
ditions surrounding it, a thorough knowledge must be had as to how
the healthy plant behaves and its relations to soil, air, heat, moisture,
and other environmental conditions. As will be seen, the compli-
cations involved lead off into numerous difficult and perplexing
questions, and the aid of many branches of science must be called in
before definite conclusions can be reached. The men, however, who
grow plants for the money there is in them are not concerned with
these details, as the main point of interest to them is how the knowl-
edge obtained by such work enables them to grow better crops and to
realize from them greater profits.

OBJECT OF THE INVESTIGATIONS.

Briefly, then, the plant pathological work of the Department is
planned to obtain, first of all, as thorough a knowledge as possible of
the behavior of plants in response to disturbing influenceg. It is in
such cases that careful laboratory, greenhouse, and field experiments
must be made and investigations requiring great care and patience
carried on. Let us take an example that will appeal to thousands of
fruit growers, namely, the fire blight, or, as it is sometimes called,
twig blight, of the pear. Following the line of investigation that has
been carried on in the case of this disease, it will be seen in a general
way how the Department’s work is conducted and how it is all made
with a view of practical application in the end.

STUDY OF BLIGHT.

In the laboratory it has been found that blight is invariably accom-
panied by a minute organism, a bacillus, allied to those which cause
such dangerous diseases as tuberculosis and typhoid fever in man.
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These minute germs have been found in countless millions in the del-
icate cells of the plant, but to prove that they were the actual cause
of the disease it was necessary to separate them from the pear tissues
and all other organisms present, to grow them wholly apart and in an
absolutely pure state, and finally to bring them again into contact
with healthy pear trees and produce the disease. This has been done.
The germs of pear blight, free from all other organisms, have been made
to grow on potato, on various kinds of gelatin, and on other media,
just as the farmer grows a crop of corn on a soil free from all other
plants. The germs grown in this way, when pricked into the delicate
tissues of a young pear shoot, multiply rapidly, and in a few days there
is a well-developed case of the disease. The cause of the disease
being thus definitely determined, it remained to find out how it was
spread from tree to tree, and how, after seemingly disappearing in late
summer, it would break out again the following spring. The work
was now transferred from the laboratory to the orchard itself. Here
it was found that insects, particularly bées, play an important part
in disseminating the disease. One very destructive form of blight
occurs in the blossoms, and the bees in visiting these for honey carry
the germs to healthy flowers. Thus, from one center a whole orchard
may soon become infected, and with what results will be easily under-
stood by those familiar with the way the blight works. .
‘While bees were found to be a really serious factor so far as the
gpread of blight was concerned, the work brought out a fact hereto-
fore unknown, but of vast importance to fruit growers, namely, that
many varieties of pears will not fruit at all unless bees have access
to them—in other words, their own pollen is not potent, and they re-
quire the pollen from some other variety in order to set fruit. This
fact explains why large blocks of certain varieties are unfruitful, and
suggests a way of overcoming the difficulty.
Coming back to blight, the studies in the orchard further revealed
the very important fact that while the branches killed during the
-summer usually contain no living germs after a few weeks, in a cer-
tain small proportion of them, at the point where the diseased part
merges into the healthy, they do remain alive, and also that these
- germs pass the winter in a partly dormant condition. As soon as
spring opens, the germs in these few ‘‘hold-over” cases again start into
active life and in a short time become so numerous that they ooze from
the wood in gummy masses. Insects are attracted to this more or less
sweetish gum, and by visiting it and then going to other trees, espe-
cially to the blossoms, they redistribute the organism. Somuch, there-
fore, for what has been developed by a long and careful study of this
disease. It now remgained to apply the knowledge in a practical way,
which was done by what has come to be known as the winter method
of combating blight. - This consists simply in a careful inspection of
.the orchard in the fall or early winter and a cutting out of every branch
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_showing any sign of the hold-over blight. Not only is it necessary to
cut out these branches, but it is important that they be completely
destroyed by fire. Following this practice carefully, it has been found
practicable to eradicate blight not only from the orchard, but also from
the nursery, where the conditions for spreading are much better, owing
to the way the trees are planted.

FUNGICIDES,

Other diseases, of course, must be studied and treated in an entirely
different manner. . For instance, in many cases it has been found
practicable to prevent serious injury to crops by the application of
preparations known as fungicides. The efficacy of these fungicides
in particular cases and their effects on the plant and on man himself
must all be considered. Then, too, there are important questions in
mechanics that demand attention; for instance, a fungicide may be
cheap and effective, and yet unless it can be applied in actual field-
work in an economical way it will have to be discarded. All this
work involves the art of spraying plants, which has been developed
practically within the past ten years, but which has now reached a
point. where it is regarded to be as necessary as pruning or the culti-
vation and fertilization of the soil.

PLANT BREEDING.

There is a phase of the work which is fully as important, if not
more 80, than any thus far enumerated, namely, a study of plants
and plant life for the purpose of establishing the conditions necessary
for that development which will make them most profitable to the
grower. Every plant must be regarded as capable of attaining a
certain ideal development, and if it does not do this something is
wrong either with it or the surroundings in which it is forced to grow.
It will be seen, therefore, that there is an important field in studying
the conditions under which our crops attain their highest develop-
ment and in pointing out the principles which will enable the grower
to not only modify his conditions to suit the plants, but to modify the
plants to suit the conditions. This involves the important work of
plant breeding, a subject which can not well be considered apart from
plant physmlogy and pathology. ’

The importance of such work is shown by some recent investiga-
tions carried on.by the division in California on the raisin grape.
Owing to an inherent weakness in the vine the flowers ‘‘blast” at
blooming time, and as a result it is not uncommon for the whole crop
to be lost. Some seasons this loss exceeds a million dollars or mere,
and it is therefore of the utmost importance to find a means of pre-
venting it. ’

While blighting is influenced by climatic conditions, it is unques-
tionably due to a constitutional weakness of the vine, in which insects
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and fungi take no part. Certain varieties do not have this weakness,
but they are not suited to the purpose for which the other varieties
are grown. It is here that breeding has come into play, with every
prospect of success. The choice varieties noted for their tendency to
drop the flowers have been crossed with other less desirable ones
known to be free from this trouble. Thousands of seedlings have
been produced by these crosses, and some give promise of having all
the hardiness of one parent and the desirable qualities, so far as
fruit is concerned, of the other. Thus, by crossing, by selection, -and
in other ways the value and usefulness of plants to man may be
increased, from the fact that they are made not only to more properly
fit certain conditions, but that by being adapted to these conditions
their health is maintained and a better development reached in every
way.

SOME PRACTICAL RESULTS OF THE WORK. '
GROWTH OF THE SCIENTIFIC TREATMENT OF PLANT DISEASES.

In the whole history of agricultural practice no phase of it, probably,
has made such rapid strides in so short a time as the investigation
and treatment of plant diseases. Less than fifteen years ago this
subject was rarely referred to in print, and it was seldom that there
was any discussion bearing on the matter at agricultural, horticul-
tural, and other meetings. There were but few experiment stations
then in the country,and such work as those in existence were doing
was along the lines of chemistry, feeding, ete.

WORK FOR THE BENEFIT OF THE GRAPE GROWER.

Twelve years ago the Department began the work on plant diseases
in a small way, its efforts at first being devoted to a few of the more
important diseases of fruits. In the beginning the investigations
were confined to the laboratory, it being recognized that before any
practical results could be secured in the field, knowledge must be
obtained as to the nature of the diseases it was intended to combat.
A special effort was put forth to discover the cause and best means
of preventing the serious loss to grape growers through the ravages of
several widespread diseases. At the time this work was undertaken
the growing of grapes for market was being abandoned in many sec-
tions, it being no longer possible to obtain a crop on account of one .
disease in particular—namely, black rot. The work of the Depart-
ment showed that this disease was due to a fungus. Furthermore, it
showed how the fungus lives from year to year, and how part of the
time its growth is confined to the living berries on the vine and part
of the time to the old, dried, and shriveled fruits which fall to the
ground. - The latter, it was found, furnish the means of again start-
ing the pest another season, and thus the more the rotten berries
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accumulate on the ground the more danger there is of infections the
next year. Possessing these facts and many others, the details of
which need not be mentioned here, it remained to discover some
means of protecting the grape from the parasite in a way that would
be sufficiently cheap and practical to warrant its adoption by grape
growers themselves. The only way to accomplish this object or to
determine whether it could be accomplished was by work in the vine-
yards, conducted so as to leave no doubt as to the results. This work
was inaugurated, and eventually it was proved that by the proper use
of various solutions sprayed upon the vines the latter would not be
injured in the least, but the attacks of the fungus would in large part
be prevented. To reduce the operation to a practical basis, many
difficulties had to be overcome. The question of suitable apparatus
was a difficult one, as few manufacturers were willing to put a
machine on the market without some assurance that there would be
a demand for it. That these obstacles were overcome, however, and
that the work was a success is shown by the widespread application
of the results obtained. For the first few years, despite the widely
published statements concerning the work, it was difficult to get grow-
ers to undertake it. Men were actually paid to spray their vines in
order that the results might be utilized as an object lesson for others.
Five years after the first successful treatment of black rot, however,
carefully collected data showed that there were over fifty thousand
grape growers treating their vines in accordance with the directions
issued by the Department. The industry, which for years had lan-
guished or been abandoned in many sections, was revived, and, as was
stated by the viticultural expert connected with the Eleventh Census,
the work of the Department of Agriculture has practically revolution-
ized grape culture in many sections.

Figures showing the actual money value of such work are always
difficult to obtain, yet they serve as convinecing argument, and hence
the desirability of having them. For the purpose of getting such
figures in reference to the effects of treatment on grape diseases,
arrangements were made at one time with about three hundred grape
growers to so plan their work as to obtain as definite facts as pos-
sible in regard to the actual money value of the operations carried
out under the directions of the Department. It was found that the
treated vines yielded on an average 80 per cent more fruit than the
untreated, and that the actual gain as a result of the work ranged all
the way from $20 to $150 per acre. The aggregate gain, as estimated by
the entire three hundred growers, was something over $20,000, while the
expense, including labor and cost of all materials used, did not exceed
$2,000. In other words, this experiment and many others made after-
wards showed beyond question that at an expenditure of, approxi-
mately, 14 cents per bearing vine seven or eight years old or more
from 10 to 25 cents gain followed in the fruit production alone.
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Since the facts here given were obtained the practice of spraying
grapes has extended throughout this and many foreign countries, and
it would probably be difficult to find a grape grower at this time in
the United States who has not in some way profited by the work.

WORK FOR THE BENEFIT OF THE NURSERYMAN.

*Another line of work in which important practical results have been
obtained is the treatment of nursery stock for the various diseases to
which it is subject. Millions of apple, pear, cherry, plum, quince,
and other trees are grown in this country, the industry being one of
the most important of all horticultural pursuits. Pears, cherries,
plums, and quinces are particularly subject to a disease generally
known as leaf blight, which causes the leaves to fall early in the sea-
son, thereby shortening the period of growth, and thus not only
stunting the tree, but in the case of seedlings preventing the inser-
tion of buds—an operation necessary in order to obtain the desired
varieties. Several years ago the Department began an investigation
of the diseases of nursery stock, inaugurating experiments which
extended through several seasons. The work was intended primarily
to determine the possibility of preventing the diseases, the cost
involved, and the actual gain in the growth of the tree, if any, as
measured by dollars and cents. Over a hundred thousand trees were
used in the experiment, and it was shown that the cost of the work
was 25 cents per thousand the first season and the same the second.
year. The third year it was 40 cents, making the total cost for three
seasons’ work 90 cents per thousand trees. The net profit, as deter-
mined by the nurseryman who dug the trees and sold them, ranged
from $1 to $40 per thousand, the average being $13, or about 1,400
per cent on the actual money expended.

WORK FOR THE BENEFIT, OF THE ORCHARDIST.

The same diseases which cause serious loss in the nursery also
attack pear, cherry, plum, and quince in the orchard. Here also
important practical results have been obtained. At an expenditure
rarely exceeding 15 cents per tree it has been shown conclusively that
the marketable product can be increased from 25 to 50 per cent.
Reference has already been made to the work of the Department in
California, Florida, and other sections. It has been proved that to
make such work thoroughly practical and of the greatest value to the
farmers and fruit growers of any region, investigations must be carried
on in such a way that all local conditions of climate, soil, etec., can be
carefully watched. To do this the men engaged in the work must
be on the ground, where the various phases in the development of a
disease can be closely watched and the effects of treatment carefully
noted. It may be well to give an example of the work of the Depart-
ment carried on under the conditions mentioned by an assistant on
the Pacific Coast.
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For the past two years experiments have been carried on with &
view to finding a means of preventing peach-leaf curl, a very serious
disease, which in one orchard alone, containing a hundred acres,
caused a loss in two years of about $25,000. In 1895 in this orchard
345 trees were sprayed with a view of preventing curl. As a control,
or in other words, as a means of determining the effect of the treat-
ment, 229 trees in the same orchard were left unsprayed. The treated
trees gave an average yield of 317 pounds of fruit each, while the
untreated yielded only 97 pounds. There was therefore a gain of 220
pounds of fruit on each treated tree, or a total gain of 75,900 pounds
on all the trees sprayed. This fruit sold by the car load for 1} cents
per pound, so that the total value of the fruit saved in this case was
$1,138.30. The net profit from 345 trees was $1,104, it having cost 10
eents per tree for treatment. As a result of this work the whole
orchard was sprayed the present year, and at least 2,000 acres of
bearing trees in other parts of the State were also treated. In this
one orchard the owners estimate that the saving to them through the
work will be $20,000, that is, there was a clear gain of 450 pounds of
fruit per tree on those treated. Figuring on this basis, and taking
all the work done in the State, there was a gain of, approximately,
$450,000 to the growers of California who adopted the treatment rec-
ommended by the Department. The work was also carried on exten-
sively in Michigan, New York, and other States, and from the facts
at hand in regard to the results, it is believed that a safe estimate of
the total value of this work would be three-fourths of a million dollars.

INVESTIGATIONS IN PROGRESS BY THE DIVISION.

Cases of the kind mentioned might be multiplied, buf'it is believed
enough has been said to show the value of the work from the stand-
point of dollars and cents. It must be remembered, however, that
the value of a large share of the investigations can never be deter-
mined on such a basis. The discovery of a principle and the ability
to get it applied may often require years of patient work, and yet in
the end the actual money value in such a case can be only approxi-
mately estimated.

A better knowledge of the laws that govern plant growth is neces-
sary before we can control any particular phase of it with the greatest
economy and profit. The primary aim of the work of the division in
this line is to obtain this knowledge and bring about its practical
application to agriculture. The work now under way includes a study
of the principal orchard fruits (apples, pears, quinces, peaches, and
plums) and of the various citrus and other subtropical fruits (oranges,
limes, lemons, pineapples, guavas, etc.). A study of the diseases of
trees, especially those used for shade and ornament, is being pushed
as rapidly as possible. Winterkilling, especially of evergreens, in
certain parts of the West; the injuries which ocecur during winter
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-where irrigation is practiced; asphyxiation of roots in certain soils;
and the dissemination of the germs of certain parasitic diseases by
irrigation are all being investigated. Among the small fruits, grapes
are receiving special attention. Much time is being devoted to a
study of the problems connected with wheat culture, with a special
view to securing varieties not only rust resistant, but also best suited
to the various conditions of soil and climate in the wheat-growing
regions. ) ‘

The diseases of truck and garden crops are receiving a great deal
of attention. The growing of crops under glass, an industry which
represents many millions of dollars in the United States, is receiving
careful consideration. Until recently little was done in the way
of careful, scientific study of the difficulties and diseases to be con-
tended with in the growth-of these crops, but such studies are now
being pushed vigorously.

Our knowledge of the relation of nutrition to growth, productive-
ness, and health of plants, being as yet quite meager, a thorough
study of the fundamental principles of plant nutrition is planned.
Extensive experimeilts in the selection and breeding of oranges, pine-
apples, grapes, wheat, oats, and the various crops grown under glass
are being conducted with a view to obtaining varieties more resistant
to disease, better suited to the various conditions under which they
are grown, and of greater commercial value. This work is based on
the principle that where the conditions of a region in which it is
desirable to grow a certain crop are not naturally or can not easily be
made favorable, the crop must be changed by breeding and selection
within certain.limits, to meet the conditions.

All phases of this work are being pushed as rapidly as time, funds,
and thoroughness will permit.

DIVISION OF POMOLOGY.
By G. B. BRACKETT, Pomologist.
INTRODUCTION.

In the not very remote past the time was when fruits were regarded
as delicacies and luxuries which only a few households could afford
to place on their tables daily in fresh condition just from the orch-
ard and garden, and when canned fruits were hardly known. Theold
style of curing fruits in the sun’s heat was in vogue, and around
dwellings in rural districts might be seen long boards and portions of
the roof of the house and sheds covered with sliced apples, peaches,
pears, etc., exposed to the sun’s rays; and oftentimes the walls of the
kitchen were festooned with long strings of prepared fruits curing
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for family uses during the winter and spring months, and sometimes
for market.

“Paring bees” were common in all neighborhoods where orchard
fruits were grown, and at these the young folks had their tasks to
perform, and right gleefully did they participate in the enjoyments
and festivities which such occasions afforded.

The pioneer on frontier settlements had to be content with native
wild fruits, and his frugal housewife prepared for dessert purposes
the native crab apple, plum, grape, and berries, all of which were pre-
served or made into jams, jellies, ete. Fruits were then considered
as luxuries, and not as necessary articles of food. Meats, cereals,
and vegetables constituted the main diet of the people of town and
country. ‘

In those days the farmer planted but few orchard trees, and the
vine and small fruits were seldom grown. A man who would have
ventured to plant a commercial orchard of any considerable size
would have been regarded as wasteful of his time and money. Fruit
plantations were considered and treated as secondary in importance
as a farm crop, and when planted were generally left to take care of
themselves.

Seedling trees and sprouts which had sprung up around older trees
constituted mainly the stock that was planted for orchard purposes.
Grafting and budding were but little practiced, and it is not surprising
that the product was generally of poor quality. -

INCREASE IN THE SUPPLY AND USE OF FRUIT.

The above gives a fair idea of the condition of the pomological
industry in the United States a little over fifty years ago. What
is its present condition? The produects of orchards, vineyards, and
small fruit plantations are so abundant that all the markets are full
and often so glutted that all effort in trade channels, together with
heavy foreign shipments, does not entirely dispose of the abundant
supply. Fruit is so cheap that people of the poorer classes are able
to provide an abundance for daily family use, and a menu without it
in some form would be regarded as notably lacking in completeness.
It is no longer considered a luxury, but a necessary health-giving food,
supplying in a measure the chemical elements absolutely essential to
a hygienic diet. )

The canning of fruits of all kinds has become an extensive industry,
which places the product in every household at very little cost to the
consumer, as well as in a most attractive and wholesome form.

Fruits evaporated by artificial heat, aided by highly improved ma-~
chinery, have taken the place of fruits formerly cured by the sun’s
rays. The magnitude of this industry as carried on in the United
States is immense; it employs both millions of dollars of capital and
large forces of laborers. The cost of the canned product has been
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reduced to a minimum, and all classes can now provide this product
for their families. Jellies, jams, butters, etc., are manufactured in
such large quantities and are so cheap, that they also come within the
reach of the masses for daily use.

In view of the radical changes which have occurred in the pomologi-
cal conditions of this country in the cultural as well as the dietetical
views of the people under the influences of a higher civilization, it
may be truly said Americans have become fruit eaters in the fullest
sense of the word; the old régime has passed away, and no articles of
food seem so inviting and are so much craved by the child, the adult,
or the aged, as those which the pomological industry offers.

Encouraged by such changes and the demands of trade, millions of
dollars are invested, the industry has grown to be one of great com-
mercial interest, so that single orchards, vineyards, and small-fruit
plantations of hundreds of acres are common in the land.

The interesting question arises, What agencies have been instru-
mental in bringing about a change so radical and beneficial? In
reply, the following statements are presented:

The constant and increased agitation through hygienic and horti-
cultural journals, aided by the public press, the strong arm of
National, State, and local pomological and horticultural organiza-
tions, assisted by private efforts, have led the people into a greater
appreciation of the intrinsic value of fruits. Through these constant

-and intelligent efforts, also, have been given to the people fruits of
such high character and excellence as are now found in abundance
and at a low price in the markets and upon the tables of millions of
householders.

ORGANIZATION OF A DIVISION OF POMOLOGY A NECESSITY.

In 1884 the pomological industry of the United States had devel-
oped to such magnitude as to demand the recognition and support of
the General Government for its further advancement and success, it
having outgrown the ability of private organized effort. It had
assumed such national importancé that its necessities commanded
the efforts of pomologists and statesmen in its behalf, and Congress
came to its relief by organizing the Division of Pomology as a part
of the newly established Department of Agriculture. Passing from
the important event of its organization to the present status of the
division, the question, How does the division benefit the farmer?
is often presented for attention. In considering any attempt to answer
this question, the public must bear in mind that the field of the divi-
sion’s operations covers a wide area of country, extending from the
Atlantic to the Pacific and from the Gulf of Mexico to the Great
Lakes, having a climate varying from temperate to tropical, and with
a soil and environment equally variable. The general benefits only

4 A97 8
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will be stated, though the extensive details connected with its work
are also highly important; but much valuable material, owing to a
lack of funds, remains unpublished in the office of the division.

BRANCHES OF WORK OF THE DIVISION OF POMOLOGY.

(1) The division’s equipments and facilities, though these are not
commensurate with its requirements, reach out into every State in
the Union and into foreign countries, searching for information and
material of a pomological character which gives promise of substantial
aid to the culturist.

(2) The division publishes in pamphlet form a catalogue of fruits
adapted to the various fruit districts of the country, which is revised
as oceasion may require in cooperation with the American Pomologi-
cal Society.

(3) The division endeavors to add by collection or recommendation
to the already valuable list adopted by the American Pomological
Society other valuable sorts of fruit, found at home or in foreign
countries, for trial in the United States.

(4) Every means at the command of the division is used to correct
the frequently erroneous names of varieties of fruits submitted, and
to establish a correct and uniform nomenclature throughout the
country

(5) A large correspondenoe receives prompt and careful attention.
The division is frequently called upon to impart such information as
it is prepared to give in all lines of pomological interest to corre-
spondents from all sections of the country. :

(6) Specimens of new fruits of merit are constantly submitted to the
division for examination and for determining their valuable qualities,
and the conclusion reached is promptly forwarded to the sender. To
facilitate and encourage this important line of work, the division
furnishes boxes and franks on application for mailing such specimens
without cost to the parties sending them.

(7) Bulletins are issued as occasion requires, which contain practical
and scientific information that results from the careful and thorough
investigations of important questions pertaining to the highest inter-
ests of American pomology.

An annual report is compiled from each year s work of the division.
It contains a summary of the most valuable matter of the period cov-
ered, and this, as well as the bulletins, is freely distributed to all
parties interested in fruit culture, as far as the law governing the
public printing and the funds available for this purpose will permit.

CONCLUSION.

The Division of Pomology was organized for the benefit of all citi-
zens of the United States directly or indirectly interested in fruit
growing, and, so far as the provision by Congress will permit, its
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every effort will be given to promote the material prosperity and
advancement of the pomological industry throughout the United
States. The fact should be borne in mind that it must have the cooper-
ation, confidence, and the aid of pomologists generally to enable it to
reach the highest point of usefulness and to render valuable service
to the American fruit grower.

BIOLOGICAL SURVEY.
By C. HarRT MERRIAM, Chief,

INTRODUCTION.

The Biological Survey aims to define and map the natural agrieul-
tural belts of the United States, to ascertain what products of the
soil can and what ean not be grown suecessfully in each, to guide the
farmer in the intelligent introduction of foreign crops, and to point
out his friends and his enemies among the native birds and mammals,
thereby helping him to utilize the beneficial and ward off the harmful
kinds.

No fact is better recognized by thoughtful students of our resources
than the need of diversifying our agricultural products, with a view
not only to remedying the present unequal apportionment of stand-
ard crops throughout the United States, but also with a view to the
introduction of new kinds. This is the more important because of
the varying market values of standard crops from year to year,
prices frequently falling so low as barely to cover cost of production, -
bringing hardship if not financial ruin to the producer. In order to
obviate so far as possible the disastrous effects of such years it would
seem the part of wisdom to be prepared with two or more crops, so
that if one fails by reason of unsuitable seasonal conditions or low
price the other can be depended on for sufficient revenue to bridge
over the period of loss from failure of the first.

Farms so favorably situated that absolute reliance can be placed
on a single crop, or so little diversified that all parts are equally fitted
for this erop, are few and far between; and even in such cases there
is danger of overproduction. As a rule, if the major part is well
adapted for corn, wheat, cotton, sugar, or tobacco, the crop chosen is
subject to material fluctuations in yield and value, and minor areas
are better fitted for some other use.

NEED OF DIVERSIFICATION OF CROPS.

The Statistician of the Department, in his last report to the Secre-
tary, calls attention to the marked geographic concentration of agri-
-cultural productions, and points out that ‘‘twenty-five States, or just
Jhalf the total number, produce 98 per cent of the cotton, 95 per cent
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of the corn, 95 per cent of the barley, 93 per cent of the oats, and from
eight-tenths. to nine-tenths of the wheat, rye, buckwheat, tobacco,
potatoes, and hay produced in the entire country.” This certainly is
an unfortunate state of affairs, and one which, in the light of present
knowledge of crop adaptations, seems unnecessary. At the same time
it is-well to keep in mind the distinction between crops raised for home
consumption and those raised for export. If, for instance, the twenty-
five States and Territories now producing collectively less than 5 per
- cent of the total output of cereals can, by selecting proper varieties,
grow enough for their own use, they may be able to raise for export
fruits or other crops far more valuable to them than an excess of
cereals.

For several years prior to 1897 the price of wheat in the North and
West was so low as hardly to cover the cost of harvesting, while in the
Southern States not enough was raised for local consumption, and the
price was correspondingly high. Thus, in 1894 the price of wheat on
the farm in the Dakotas, Oregon, and Washington ranged from 39 to
46 cents per bushel, while in South Carolina, Alabama, and Georgia
it brought from 76 to 87 cents, and in Arizona $1. If a wheat can be
found which may be depended upon to mature a good yield on suit-
able soils in the Southern States great benefit to the people should
accrue therefrom. Recent investigations carried on in the Biological
Survey by Prof. C. S. Plumb show that Fultz wheat and the spring or
May wheats (including red May, early May, late May, big May, and
others) may be grown successfully, except in the lowlands, in what
is known as the Austroriparian zone, a belt which covers the greater
part of South Carolina, Georgia, Alabama, Mississippi, Louisiana,
and central Texas; and that Sonoran and Australian wheat do well in
the Lower Sonoran belt in Arizona and southern California. Similarly,
oats, in the main a Northern crop, have been found to do well in
the Austroriparian belt of the Southern States if proper varieties are
chosen; and these varieties are the Burt and Red Rust Proof. In the
case of corn, Moseby’s Prolific, Golden Dent, and White Gourd Seed
seem well adapted to the same belt. So there appears to be no reason
why cereals can not be grown in the Southern States in quantities
more than sufficient for local consumption.

Cotton is the staple crop of the South, far exceeding all others in
money value. But during 1897 the price of cotton was so low as to
yield no profit, while.at the same time wheat was so high that if a
fair division of acreage had been made between the two, the Southern
planters would have realized handsome profits instead of suffering
financial distress. Attention must be called also to the fact that in
the face of the very large crop and extreme low price of cotton in 1897,
when our export amounted to $212,640,769 (and similarly in 1894, when
we exported $210,000,000 worth), enormous quantities were imported
from Kgypt. This, while inferior to our Sea Island cotton, is of
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higher grade than our ordinary product and is used ‘‘for goods
requiring smooth finish and high luster. It gives to fabrics a soft
finish somewhat like silk.” During the fiscal year 1896 the value of
the Egyptian cotton imported into this country was more than
$5,000,000. This brings up the important question whether we can
not, with the aid of irrigation, raise these high-grade varieties in
certain parts of the arid Southwest—in southern Arizona and the
desert region of southern California.

SEA ISLAND AND EGYPTIAN COTTON FOR NEW SECTIONS.

The history of Sea Island cotton is interesting, as showing how the
intelligent introduection and cultivation of choice crops in suitable
climatic areas may yield rich returns. Dr. Walter H. Evans states
that the Sea Island cotton, whose fiber is so highly prized, ‘‘is indige-
nous to the Lesser Antilles, and probably to San Salvador, the Baha-’
mas, Barbados, Guadaloupe, and other islands between 12° and 26°
north latitude. By cultivation it has been extended throughout the
West Indies, the maritime coast of the Southern States, Central Amer-
ica, Puerto Rico, Jamaica, etc., southern Spain, Algeria, the islands
and coast of western tropical Africa, Egypt, Island of Bourbon, East
Indies, Queensland, New South Wales, ete. It may be cultivated in
any region adapted to the olive and near the sea, the principal requi-
gite being a hot and humid atmosphere; but the results of acclimati-
zation indicate that the humid atmosphere is not entirely necessary
if irrigation be employed, as this species is undoubtedly grown
extensively in Egypt.” '

Although the area in which Sea Island cotton is produced in the
United States is very small, and although a large quantity is manu-
factured in our country, still the value of the crop exported amounted
in 1894 to nearly $3,000,000 and in 1896 to $3,816,216. It is quite
probable that both Sea Island and Egyptian cotton could be cultivated
with profit in parts of southern California and southwestern Arizona.

PROFITABLE CROPS FOR DIFFERENT CLIMATES.

But wheat and cotton are not the only crops to be grown with
advantage in the South, for the list of fruits, fiber plants, and other
agricultural products fit for the climatic conditions of the Austroripa-
rian belt is a long one, and a wise selection with reference to home
consumption and convenient markets is bound to place agriculture
in the Southern States on a very different plane from that it now
oceupies. . _

In northern New York and Wisconsin! the dairying industry is one

1In 1890 New York produced 48.3 per cent and Wisconsin 21.3 per cent of the
total output of cheese for the country. The New York output in that year was
124,086,524 pounds.
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of the chief sources of revenue, and cheese is a staple product. In
yvears like the present, when cheese sells at the factory for 8 or 9
cents—and still worse a few years ago, when it sold for 4—the farmer
is left at the end of the season without return for his labor. Yet,
most of the lands now devoted almost exclusively to dairying are situ-
ated in the sugar-beet belt, and are also adapted to several excellent
varieties of wheat and other crops to which little or no attention is
now given.
WHAT THE FARMER NEEDS TO KNOW.

The farmers of the United States spend vast sums of money each
year in trying to find out whether a particular fruit, vegetable, or
cereal will or will not thrive in localities where it has not been tested.
Most of these experiments result in disappointment and pecuniary
loss. It makes little difference whether the crop experimented with
comes from the remotest parts of the earth or from a neighboring
State, the result is essentially the same, for the main cost is the labor
of cultivation and use of the land. If the crop happens to be one
that requires a period of years for the test, the loss from its failure is
proportionately great.

The cause of failure in the great majority of cases is climatic unfit-
ness. The quantity, distribution, or interrelation of heat and moisture
may be at fault. Thus, while the total quantity of heat may be ade-
quate, the moisture may be inadequate, or the moisture may be
adequate and the heat inadequate, or the quantities of heat and mois-
ture may be too great or too small with respect to one another or to
the time of year, and so on. 'What the farmer wants to know is how
to tell in advance whether the climatic conditions on his own farm are
fit or unfit for the particular crop he has in view, and what crops he
can raise with reasonable certainty. It requires no argument toshow
that the answers to these questions would be worth in the aggregate
hundreds of thousands of dollars yearly to the American farmer.
The Biological Survey aims to furnish these answers.

MAPPING AGRICULTURAL REGIONS.

From a study of the geographic distribution of our native animals
and plants it has been learned that the United States may be divided
into seven transcontinental belts and a number of minor areas, each of
which is adapted to particular associations of animal and vegetable life.
It has been found also that each of these belts and minor areas, except
the coldest, is adapted to the needs of particular agricultural products,
and that the distribution of native animals and plants may be coordi-
nated with the successful distribution of cultivated crops. In other
words, the study of the geographic distribution of our native or indig-
enous fauna and flora has resulted in the establishment of a number
of agricultural belts, each of which comprises several minor divisions
fit for particular varieties of fruits, cereals, and breeds of live stock.



WORK OF THE DEPARTMENT FOR THE FARMER. 119

Through the intelligent efforts of man the slow processes of nature
have been hastened, so that most fruits and cereals have been made
to yield varieties adapted to a diversity of climatic conditions.
The happy outcome of this artificial selection is that, while certain
varieties of wheat, oats, corn, apples, pears, grapes, and so on thrive
only in certain limited areas, different varieties thrive in other areas,
a very large proportion of crops having varieties fit for each of the
natural agricultural belts of the country. The same is true, though
perhaps in less degree, of poultry and live stock. :

The Biological Survey is engaged in tracing with as much precision
as possible the actual boundaries of these belts and areas, in prepar-
ing lists of the native or indigenous species, and of the fruits, grains,
vegetables, and other agricultural products that are adapted to each.
In this undertaking it aims to point out such exotic agricultural and
horticultural products as, from their importance in other lands, are
likely to prove of value if introduced on fit soils and under proper
climatic conditions. In view of the fact that all of the climatic life
zones of the world, except the humid tropieal, are represented in our
own country, there can be little doubt that an intelligent study of the
agricultural products and adaptations of distant lands will result in
the discovery of fruits, vegetables, fibers, farm crops, and breeds of
stock which may be introdueed into the United States not only with
profit, but which by diversifying our products and leading to the
development of new industries will render our agricultural resources
more stable and certain.

The colored maps prepared by the Biological Survey furnish the
first rational basis the American farmer and fruit grower has ever had
for the intelligent distribution of seeds, and the only reliable guide
he can find in ascertaining beforehand what crops and fruits are likely
to prove successful on his own farm, wherever.it may be located.
These maps, in connection with the work of the Entomologist, show
also the belts along which noxious insects are likely to spread, fore-
warning the husbandman of impending danger.

In studying crops with relation to the zones or areas in which they
may be most profitably cultivated considerable progress has been
made. An investigation of the zone adaptations of several hundred
varieties of fruits and nuts is far advanced, and by cooperation with
Prof. C. S. Plumb, director of the agricultural experiment station at
Lafayette, Ind., a similar study of the varieties of corn, wheat, and
oats has been completed and will soon be published.

DEVELOPMENT OF AGRICULTURE IN CALIFORNIA.

The history of the development of agriculture in California affords
an excellent example of the changes in staple products that come
with increased knowledge as to the fitness of particular areas for par-
‘ticular crops. In the early days California was distinctly a grazing
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State, and hides and wool were the chief exports. Then wheat came
to the front and soon formed the staple produect. Later it was learned
that large areas were particularly well suited to the needs of fruits,
and the fruit industry rapidly grew until at the present time it
exceeds even the wheat crop in money value. But the fruits from
which so large a revenue is now derived are only in part those first
introduced. TFifteen years ago wine grapes were perhaps the most
important fruit; now they are of secondary consequence. For a time
deciduous- fruits were the principal ones deemed worthy of atten-
tion; now citrus fruits are of even greater value, the output of oranges
and lemons in 1896 being 3,780,000 boxes. Almonds, walnuts, olives,
and raisins have also come to be important crops. Twenty-five years
ago all our raisins were imported; now California produces annually
from 90,000,000 to 100,000,000 pounds.

The development of the prune industry is instructive as an illustra-
tion of a common class of cases where products worth hundreds of
thousands of dollars annually to a single State have been introduced
by chance rather than as a result of scientific study. The first prune
cuttings are said to have been brought from France, along with cut-
tings of grapes and other fruits, by a Frenchman who settled at San
Jose about the end of 1856. For some years little was thought of this
introduction, and it was not until 1880 and 1881 that serious attention
was given the cultivation of prunes. But from 1893 until the present
year the annual output in dry fruit has ranged from 44,780,000 to
64,500,000 pounds.?

It is hard to resist the temptation to dwell on the marvelous expan-
sion of the fruit industry that has taken place in California since the
climatic adaptations of her various agricultural belts began to be
understood; but for present purposes a statement of the exports of a
few of her many products for the year 1895 will suffice to give & fair
idea of the magnitude this industry has attained. In 1895 California
shipped 6,625 car loads of fresh deciduous fruits; dried fruits, 6,132
car loads; raisins, 4,638 car loads; canned fruits, 3,129 car loads;
citrus fruits (mainly oranges), 11,582 car loads;?® nuts, 1,333 car loads;
wine and brandy, 8,056 car loads.®

THE ARID REGIONS.

While considerable progress has been made in ascertaining what
agricultural products are adapted to the climatic conditions of south-
ern California and southern Arizona, this has been done at great cost,
and nothing like a complete knowledge of the subject has been
attained. Before this will be possible the life zones and their subdi-

1 Statistics from California Fruit Grower.
? Figures from Fifth Biennial Rept. California State Board of Agriculture, 1836,
3From California State Board of Trade.
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visions must be accurately mapped and corresponding arid areas in
Africa, Arabia, Persia, India, Chile, and Australia must be studied
with reference to agricultural productions which might be introduced
with profit in proper zones in our arid Southwest. Nature has not been
over generous in the distribution of water in this part of our country,
but she has been lavish in her gifts of soils and climates. The fruit
growers of California were long in finding out that their State com-
prises all of the agricultural belts of America except the tropical,
and that its different areas are naturally adapted to a great diversity
of agricultural and horticultural products. Even at the present day
few realize that in the southern half of the State hundreds of farms
might be so laid out with reference to the mountain slopes that each
would embrace sections of all the agricultural belts, enabling the
fortunate husbandman to produce not only early and late crops of
small fruits and garden vegetables, but also an astounding diversity
of crops, from the apples, cherries, potatoes, and hardy cereals of the
upper Transition and lower edge of the Boreal belts to the oranges,
lemons, almonds, olives, and cotton of the Lower Sonoran zone, and
in certain localities the pineapple, date, and citron of the arid Trop-
ical zone. It is probably not too much to say that an accurate map
of the agricultural belts of California in the early days would have
saved the State in the aggregate millions of dollars that have been
expended in finding out what crops are best adapted to particular
areas, and although much has now been learned by persistent and
costly experiments, such a map would still be of very great value.

So far as this phase of practical agriculture is concerned, the work
of the Biological Survey ends with mapping the natural life zones and
their subdivisions and pointing out the products best fitted for the

_climatic conditions of each.

STUDIES OF FOOD HABITS OF BIRDS AND MAMMALS.

The bulletins on birds and mammals published by the Biological
Survey correct widely prevalent errors as to the economic status of
species that affect agricultural interests, and demonstrate the ineffi-
ciency and wastefulness of bounty laws,. under which millions of
dollars have been expended by the various States and Territories
without accomplishing the object for which they were intended.

Birds are the farmers’ most valuable aids in his life-long battle with
the insects that prey on his crops. How important, therefore, that he
should not destroy those that do him greatest service. In the case of
hawks and owls the division has shown, by the examination of the
stomach contents of about 3,000 of these universally hated and perse-
cuted birds, that only six out of the seventy-three kinds inhabiting
the United States are injurious, and three of these are so rare they
need hardly be considered, leaving only three to be taken into account
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as enemies ol agriculture. The others prey upon mice, insects, and
‘other vermin, and rank among the farmers’ best friends.

Since its establishment in 1885, the division has examined the
stomach contents of nearly 15,000 birds belonging to 200 species and
subspecies, and has published information on the food habits of 140
kinds, mainly hawks, owls, crows, jays, blackbirds, sparrows, thrushes,
flycatchers, swallows, shrikes, wrens, woodpeckers, horned larks, and
cedarbirds.

DIVISION OF SOILS.
By MiLTON WHITNEY, Chief.
INTRODUCTION.

-The Division of - Soils was established in the Weather Bureau, by
order of the Secretary of Agriculture, on February 15, 1894, under a
clause of the act making appropriations for the Department of Agri-
culture for 1894 providing for the investigation of the relation of
climate to organic life. In the appropriation act taking effect July
-1, 1895, the division was recognized as an independent division in the
Department of Agriculture, charged with the investigation of certain
broad, general subjects.

OBJECT OF THE WORK OF THE DIVISION.

- The primary object in the organization of the work of the division
‘was to study the relation of the climatic conditions of moisture and
temperature under the surface of the ground to the local distribution
of crops. This was to supplement the work of the Weather Bureau.
The fact was recognized that the rainfall does the crops little or no
direct good until it enters the soil. The soil then offers a resistance
to the descent of the water and holds a portion of it back for the use
of crops during the period between rains. This water supply varies
according to the texture of the soil, and thus arises the need of classi-
fying the soils according to their water-holding capacity as shown
in their natural condition in the field.

RELATION OF SOIL MOISTURE TO TEMPERATURE AND HUMIDITY.

The water supply of the soil is thus shown to be an important factor
in climatology, and to bear a distinct and obvious relation to the tem-
perature and relative humidity of the atmosphere, and to form an
important element of the climate of any locality.

Tersely stated, an increase in ‘the temperature of the air tends to
increase evaporation from plants. The relative humidity of the
atmosphere, together with the velocity of the wind, controls this evap-
oration, while the moisture in the soil supplies the loss of water due
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.toit. For a continuous growth of vegetation there must be a certain
definite relation, constant within fixed limits, between the tempera-
ture of the air, the relative humidity, and the soil moisture. With
any great departure from the normal in any one of these conditions
there must be a corresponding change in one or both of the other con-
ditions or the crop is liable to suffer. If, for example, the temperature
rises above the normal, there must either be a proportional rise in
the relative humidity, in order that there shall not be an excessive
evaporation from the plant, or there must be an increase in the water
supply of the soil to meet the increased demands made upon it by the
plant. If the soil is moderately dry, little harm may occur to the
plant, provided the temperature is low or the relative humidity is
very high.

There is, of course, no sharp line determining the exact relations
of these factors, for there are many gradations of conditions from the
most favorable for plant growth to such as render it impossible for
plant life to be sustained. The decisive factor may be elther temper-
ature, relative humidity, or soil moisture.

SOIL MOISTURE AND LOCAL DISTRIBUTION OF VEGETATION

Under the conditions prevailing over most of our country 11) is
believed that the moisture supply of the soil has more to do with the
local distribution of vegetation than either of the other factors. It
is important, therefore, to determine what water content of the dif-
ferent types of soil gives the most favorable conditions for plant
growth under the normal conditions of temperature and relative
humidity, and then to determine the variation which may occur in
this water content without serious injury to the crop. This has been
done in a number of cases. When the facts in this connection are
once established they will furnish a reliable basis for the intelligent
application of water through methods of irrigation or for improved
methods of cultivation in order properly to conserve and regulate the
water supply in the soil.

.
ENOWLEDGE OF INTENSIVE FARMING NECESSARY FOR THE EASTERN FARMER.

Different classes of crops require different climatic conditions for
their best development. The relation between temperature, humidity,
and soil moisture most favorable for one kind of crop will not neces-
sarily be favorable for another kind. As soils differ greatly in their
relation to water, we have here the basis for the classification of soils
in regard to their adaptation to crops—a classification necessary for
the intensive farming which is being forced upon the Eastern section
of the country.

A broad and comprehensive study of the country as a whole shows
that the interest in soil investigations is not the same in all sections.
Qur Eastern farmers have been forced, through competition from the
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West and from other parts of the world, to specialize in agriculture
and horticulture, and they are fast adopting an intensive system of
cultivation. The reason for this depends upon certain economic and
social principles which need not be considered here. Eastern farmers
can no longer grow wheat as a staple erop on all farms, as was formerly
done. They must select only the most favorable locations of soil and
climate in order to produce the erop economically, and the areas upon
which this can be done grow smaller each year. This is only one of
many instances in which the old staple crops are being abandoned
for more profitable specialization along rather narrow lines.

As before stated, the basis for this specialization and intensive culti-
vation must be a thorough knowledge of the soils and soil conditions.
This can only be obtained through a careful study and classification
of the soils, the final result of which should be the preparation of soil
maps showing the location and area of different types of soils adapted
to cértain classes of plants. The Eastern farmer is therefore now
ready to use intelligently reliable soil maps of his locality.

GENERAL FARMING STILL POSSIBLE IN THE WEST.

In the West this necessity for specialization and intensive cultiva-
tion has hardly arrived. On the broad level or rolling prairies and
in the fertile valleys of the West the rocks themselves are more uni-
form and there are vast areas of uniform soil conditions. Further-
more, owing to the comparatively dry climate of the West, the soils
derived from the different rocks are more uniform as the decomposi-
tion of the rock has not, apparently, gone so far as in the more humid .
climate of the East. Many of the rocksin the West have disintegrated
and fallen apart, leaving the minute grains of sand still composed of
the several minerals constituting the rock, and making not only very
uniform conditions over large areas, but very uniform conditions to
very great depths. As a rule, there is little or no difference between
soil and subsoil down to a depth of many feet. In the more humid
climate of the East the rocks, on the contrary, have gone beyond disin-
tegration and have decomposed so that many of the minerals hgve
been entirely changed in their chemical composition and have been
broken down in their physical texture; hence the greater uniformity
in the soils of the West. There is not so great a variety of distinet
types, and they can be cultivated much more cheaply. Over much of
the Western area there is only a small and variable rainfall, but with
18 or 20 inches of well-distributed rainfall crops can be successfully
grown. This is only equal to about half of the rainfall in the East,
and there is but a narrow margin to work on. In the semiarid region
the rainfall is so uncertain that a good crop can only be expected
about two years out of five. The staple crops can be economically
produced if the season is favorable, and the most important question
is proper methods of cultivation which will conserve for the use of
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crops the small amount of water which actually falls. This is a vital
problem over a large part of our country to-day, and the study of the
movement of water in soils and methods of cultivation and treatmoent
to conserve this moisture are matters of vital interest to the farmer.

.

PROBLEMS OF THE ARID REGION OF THE FAR WEST.

In the arid region of the far West, with a rainfall not exceeding 8§ or
9 inches per year, and on the soils generally which require irrigation
for the production of crops, methods of applying water to the land,
the proper quantity to supply for the several classes of crops, methods
of cultivation to conserve this water, and the treatment of the alkali
problem, are the most important and really vital problems to be con-
sidered. Large areas of land in the West are being injured by the
excessive application of water through improper methods of irrigation,
and lands are being abandoned on account both of the excessive
amounts of water they contain and of the alkali which accumulates
near the surface, when too much water is used and improper or insuffi-
cient methods of cultivation are adopted.

-

THE CLASSIFICATION OF SOILS.

The preceding remarks outline the broad general interests involved
in soil investigations in this country at the present time, and a brief
statement of what has been done and what there is to do along these
lines will now be given.

The classification of soils should be based, where possible, upon the
geology of the region. Soils are derived from the disintegration of
rocks. These rocks have been formed under peculiar conditions which
determine to a very large extent their physical characteristics. They
may be sandstone, limestone, shale, granite, or basalt, each of which
usually covers large and well-defined areas. The soils derived from
their decay will have certain physiecal characteristies, which will serve
as a basis for their classification. There will be more or less sand,
gilt, or clay, according to the physical nature and chemical composi-
tion of the rock. A variation in the relative amounts of these con-
stituents will have an important bearing upon one feature of the
climatic conditions, namely, the water supply; for, as already pointed
out, the available water supply for plants is only dependent upon the
rainfall in so far as the water is held back by the soil.

TEXTURE OF SOILS,

The soil in its natural state appears very compact and continuous;
but, as a matter of fact, on an average only 50 per cent by volume of
the space is occupied by the solid grains, leaving-an equal volume to
be occupied by air and water. The rain descends through the soil in
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the minute spaces between the soil grains. The fewer grains—that
is, the coarser the soil—the fewer of these spaces there will be; each
space will be correspondingly large and there will be comparatively
but little resistance to the downward movement of water. On the
other hand, in a fine-grained soil the space is divided up into an infi-
nitely greater number of very much smaller spaces, and as the rainfall
moves down through such a soil much more resistance is offered to
its movement and a larger quantity is held back for the use of crops.
It is for this reason, together with the difference in the capillary
power, that under the normal rainfall of our Eastern States a light
sandy soil will maintain on an average only about 7 per cent of water,
while a heavy clay soil will maintain on an average 20 per cent of
water.

’ : STRUCTURE OF SOILS.

It is not alone the texture of the soil which determines its relation
to the rainfall. This depends likewise upon the struecture of the soil,
or the arrangement of the soil grains. A soil having a given texture
may be rendered very impervious to water by improper methods of
cultivatton, especially when the soil is wet. It becomes important,
therefore, to study not only the texture but the structure, and as
there are no suitable methods of determining the relative arrangement
of the soil grains, it is necessary to make actual moisture determina-
tions and so determine directly the relation of the soil to moisture in
its natural condition in the field.

WHAT THE CLASSIFICATION OF SOILS DEPENDS UPON.

The classification of soils depends, therefore, first upon the geolog-
ical formation to which the soil belongs; then upon the texture of the
soil, as determined by separating the grains into different groups
according to their size; then upon the relative moisture contents which
in connection with the texture will indicate the relative arrangement
of these soil grains; and lastly upon the character of the vegetation
furnishing a key, or rather a final measure, of the value of the soil
conditions. -

VARIETY OF SOILS IN THE EASTERN STATES.

In Bulletin No. 4 of this division the method of collecting the
samples, of making the mechanical analysis, as well as the determi-
nation of the moisture content of the soils in the field is described.
Since then an electrical method of moisture determination has been
perfected which has given very satisfactory results. In Bulletin No.
5 a classification of certain soils is described and the texture of a
large number of distinet types of soil is illustrated by a number of
plates. It is.shown in this bulletin that the texture of the early truck
soils along the Atlantic coast from Maine to Florida is very uniform.
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The wheat and grass soils of' the Atlantic Coast States have also
marked characters, but the most striking example of the influence of
the physical properties of soils upon distribution of crops is seen
in the study of the soils of the tobaceco districts of the United States.
The texture of the soils adapted to the bright yellow tobacco of the
South is quite wuniform wherever it is grown successfully. The
Northern cigar tobacco soils are also distinet in their physical prop-
erties. The charaecteristie soil for a cigar wrapper from the Conneecti-
cut Valley is a light, sandy loam similar in texture to the truck soils
of the Atlantic Coast. The soil of Pennsylvania and Ohio, adapted
to the finest grade of filler, is a strong limestone clay soil similar to
the wheat and grass lands of Pennsylvania, Virginia, Ohio, and Ken-
tucky. These two types are as opposite as can be. The wrapper
soil has, on the average, less than 5 per cent of clay and maintains
throughout the season about 7 per cent of moisture. The filler soil,
on the other hand, has from 25 to 40 per cent of clay and maintains
on the average about 20 per eent of moisture.

"The export tobacco soils of Kentucky and Tennessee are very uni-
form in their physical characters, and their product is unsuited to
our domestic needs, but adapted to the uses of different foreign coun-
tries. Each of these countries requires slightly different characteris-
ties, and these are determined by differences in the character of the
soil conditions of different districts, together with the climatic condi-
tions and proper methods of cultivation and treatment of the crop.
Large areas of land which were formerly used for tobacco have been
abandoned on account of the specialization of the industry and the
necessity of supplying the market with tobacco of peculiar properties
adapted to special needs.

A very satisfactory system of classification of soils has thus been
worked out by the division, and it is quite possible to determine the
areal distribution of soils adapted to certain classes of crops. It
would be perfectly feasible at this time to map the areas devoted to
the early truck crops and to the different classes and types of tobacco.
From what has already been stated it is very evident that there is a
great variety of very different soil formations in the Eastern States,
and that the farmers are ready for the specialization of their indus-
tries, and are in a condition to appreciate and use such soil maps as
a basis for their specialization and intensive farming.

RELATION OF SOILS TO WATER.

Probably one of the most important functions of the Division of
Soils is the study of the relation of soils to water. This has impor-
tance from {wo points of view. The statistical value of the records
isvery great. The amount of moisture in the soil is one of the impor-
tant factors in the climatic conditions of any locality, and a statistical
record of the fluctuations in the water content is quite as important
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as the record of the fluctuations of the temperature and relative
humidity of the air. Itis more important than the record of the fluc-
tuations in the rainfall. Good localities should, therefore, be selected
in the regions of the important types of soils in the United States,
and continuous records should be kept of the actual moisture condi-
tions in the soil, in connection with the records of temperature, rela-
tive humidity, rainfall, and all other meteorological records of the
Weather Bureau. These statistical records might not perhaps be of
great use to individual farmers, but they would be of great value in
the estimation of the crop yield, as well as in furnishing a basis for
the introduction of new crops and the modification of existing condi-
tions for. the improvement of the crops already grown.

NORMAL CONDITIONS AND NORMAL VARIATIONS OF MOISTURE OF SOILS.

In the work already carried on by the Division of Soils it has been
possible to find out and record normal conditions of moisture for
some of our soil formations, and to determine the maximum and
minimum quantities, or the normal variation, in the moisture content
which can occur without marked injury to the crop. It has been
found as a general rule that the fluctuation may amount to one-fourth
of the normal. For example, if the normal or average water content
of the soil is 20 per cent by weight of the dry soil, the water content
may rise to 25 per cent, for a limited period at any rate, without
injury to the crop, and may fall to 15 per cent, but this will reach
the line of drought, and with less water than this in such a soil crops
will suffer in proportion as the percentage of water is less. These
limits may be called, therefore, the line of drought and the line of
excess of water. T .

Such records will give an important basis for the introduction of
improved methods of cultivation; for the water supply in the soil
should never be allowed to fall below the line of drought if it can be
prevented. And by a proper system of cultivation it is probable that
the rainfall can be so conserved,that the danger from drought in
most soils can be reduced to a minimum, thus giving a very satisfac-
tory assurance of a crop.

MODIFICATION OF METHODS OF CULTIVATION FOR IMPROVING SOILS.

- There is reason to hope and believe that it will be possible to work
out a scientific basis for the practical modification of the methods of
cultivation, for changing and improving the conditions maintained by
the soil; in other words, that we shall understand the causes which
determine the difference in the relation of soils to water, and shall be
able to control these to a certain extent by recognized methods of
cultivation. If this is accomplished it will be possible, if the actual
conditions in the soil are known, to prescribe certain methods for
their control, instead of blindly trying all methods, as must be done
at present.
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That soils differ greatly in their relation to water can not be
doubted, and the variation found in nature is so great as to warrant
the belief that, if the underlying principles are understood and can
be controlled, it will be possible to very materially influence crop
production through new methods of cultivation.

COMPARISON OF THE SOILS OF THE EASTERN AND WESTERN UNITED STATES.

In the Eastern States we have on an average about 40 inches of
rainfall a year. Half of this leaches down through the soil and runs
off into the streams, and so is lost to vegetation. There is thus lef§
about 18 or 20 inches of rainfall available for crops. There are large
areas in the West where 18 or 20 inches of rainfall is ample. Not
only so, but if this rain all falls in the winter months and the ground
becomes well moistened, it is possible to mature crops without any
rain during their period of growth if the soil is carefully cultivated
s0 as to prevent an excessive loss of water through evaporation. On
certain kinds of soil, particularly on some of the alkali soils and in cer-
tain artesian basins, a rainfall of only 8 or 9 inches per year, falling
during the winter months, is sufficient to produce crops of wheat,
corn, tobacco, and fruit without irrigation. In the far West only
about 2 per cent of the entire rainfall is recovered in the streams,
and much of this is from surface run-off. As a rule, therefore, the
rainfall does not extend down to the underground water and the whole
of it is available to the crop, since it must all evaporate from the sur-
face of the ground or be transpired by the growing plants. When
the soil has once been supplied, therefore, with the annual rainfall the
water is held at the disposal of crops and is continuously supplied at
the surface according to the ability of the soil to draw it up. The
surface of the ground becomes quite dry and often dusty, and a com-
plete mulch is thus provided, which protects against evaporation.

In the Eastern States the character of the soil is different. There
is nearly always a layer of heavier subsoil immediately under the
surface, through which the movement of water is slower than in the
top soil. Evaporation goes on constantly at the surface of the ground,
and on account of the difference in texture, when there is any sudden
demand upon the plant, the movement of water through and out of
the soil is relatively much faster than the movement in the subsoil
There is furthermore a continuous loss of water from below, due to
percolation—a loss about equal to the amount lost from the surface
of the ground by evaporation. Under these conditions of difference
of texture and of double loss of water from the soil, the crop begins
to suffer in two or three weeks unless the moisture supply is replen-
ished by rain. Rain is needed on an average about every three or
four days, or for two or three successive days followed by an interval
of ten days of fair weather. The latter is the more usual condition.
If the period of fair weather is prolonged to three weeks, crops

4 A97—9
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suffer, as a rule, and if the drought continues for four or five weeks,
no matter how much rain had fallen up to the beginning of this
period, it means usually a disastrous drought and failure of the crop.

Contrast this with the ability of the soil of some of our far Western
States to support vegetation in an active condition for five or six
months without rain, and one will see that soils have the power of
conserving the water and holding it at the disposal of crops for a very
long period; so that, if we can only understand and control the con-
ditions, instead of fearing drought the excessive wetness would be
the only condition to be feared, and this could be controlled by under-
drainage.

CAUSE OF THE MOVEMENT OF WATER IN THE SOILS.

Considerable work has been done in the division in the study of
the underlying principles of the relation of soils to water. Much
of this is really technical work and must continue to be so. The most
important result has been the determination of the actual cause of
the movement of water in the soils, a subject which had never before
‘been thoroughly understood. It had been known that it was due to
surface tension, or capillarity, as it is usually called, which depends
upon the tendency of a surface of water to contract. It was, there-
fore, understood that it was the contractile power of the film of water
around the soil grains that caused the movement of water to the plant.
It appears now, from a minute study of this problem, that the move-
ment is dependent upon the curvature of this film rather than upon
the total area of its surface. In a moderately dry soil the curvature
of the film will be very great, as the water is held in the minute spaces
between the grains. In a fine-grained clay soil, where the spaces are
small, the curvature of the films of water around the grains will
always be very great, greater than in a sandy soil. With a surface
of such great curvature there is a pressure outward, the surface
tends to straighten itself, and there is a tendency for water to‘be
drawn into the space between the grains, so that the surface of the
film may approach more closely the form of a catenoid, which is a
surface of no pressure. An account of this work has been published
in Bulletin No. 10 of this division. Investigations are being con-
tinued along this line to see what control can be exercised over the
curvature of the films in the soil, as well as to determine their mean
thickness in soils of different textures and of different water content,
and the way in which water is transported through them from place
to place in the soil. It is absolutely necessary that the mechanics
of the soil moisture be worked out and thoroughly understood before
the most intelligent methods of cultivation and fertilization can be
devised for the control of the soil moisture. Other lines of investiga-
tion into the physical properties of soils are being carried on. These
are second in importance only to the investigation of the mechanics
of the film of water just mentioned.
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DETERMINATION OF MOISTURE BY THE ELECTRICAL METHOD.

The electrical method of moisture determination, deseribed in Bul-
letin No. 6, has given very great satisfaction during the past season.
Fourteen sets of instruments, with an aggregate of fifty-eight sets of
electrodes, were placed in the hands of farmers in different sections
of the country for use in very different types of soil.

In this method a set of electrodes is buried at any depth in the soil,

and an alternating electric current is sent through the soil from one
electrode to the other. A temperature cell is mounted between the
electrodes and so connected as to compensate for the effect of tem-
perature upon the electrical resistance of the soil. Each electrode
has to be standardized by determining accurately the amount of
moisture in the soil at-any particular time and taking the resistance
carefully. The resistance will subsequently vary according to the
square of the water content, and a very simple calculation will give
the water content for any particular resistance of that electrode. As
this same relation holds throughout the season, a card can easily be
constructed showing exactly the amount of moisture for any resist-
ance of the electrode.
' This form of instrument can be very conveniently used in the field.
Where the electrodes are to be buried at a considerable depth they
are inserted in auger holes in order that the subsoil shall not be dis-
turbed from its original condition. The auger hole is subsequently
filled with melted pitch. Lead-covered cables are attached to these
electrodes and are carried underground as far as necessary and
brought up into a measuring box. The cable is buried at a sufficient
depth so that the ordinary operations of plowing and cultivation can
be carried on without any disturbance of the apparatus.

In the case of electrodes at a depth of less than 6 inches they are
buried in the same way that a plant is set out, the cables connecting
them running underground, as in the case of deeply buried elec-
trodes. With these shallow electrodes a little stick must indicate
their position, and cultivation around them must be carefully done,
as in the ¢ase of handling a tender plant. They can conveniently be
put in the row with plants, or near an individual plant, if the field is
set out in hills. This apparatus as at present used is rather compli-
cated and expensive for the individual farmer to use in his field.
However, a much simpler form of instrument is being devised, which
will cost but little and which can be easily installed.

As before stated, continuous records of the moisture conditions in
the most important soil formations should be kept throughout the
growing season for their statistical value. Further than this, the
method is capable of being used to great advantage in studying the
relation of soils to water as a basis for improved methods of cultiva-
tion and of cropping. If the modified and cheaper instrument is per-
fected it should be capable of being used to great advantage by the
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individual farmer in the cultivation .of his crops where intensive
farming is being done. The condition of his soil as regards moisture
should be as carefully observed as the temperature in a greenhouse,
for it is frequently possible, through methods of cultivation or of .
irrigation, to check the too rapid transpiration of the moisture from
the soil.

EXCESSIVE USE OF WATER BY IRRIGATION INJURIOUS.

The lines-of drought and excessive water content of several types
of 80il have been established as a result of the moisture determina-
tions of the past three years. Where these lines are established for
any soil and for any crop a farmer should use all possible means at his
disposal to prevent a change in the moisture conditions of his soil
greater than is shown to be safe by the record of normal variation.
‘Where irrigation is possible, either in the West or in the East, the
application of water should be so made as to prevent the water con-
tent from approaching, or from falling below, the line of drought.

This method of moisture determination is particularly applicable
where irrigation is practiced. If the normal water content of a soil
is known and the variation which may occur without injury to the
plant, it will give a basis for the intelligent application of water. In
the present empirical method of irrigation there is a tendency to use
entirely too much water, and great damage is being done in many
parts of the extreme West by the excessive use of water. Indeed, in
many parts of the irrigated districts of the West there is as great a
necessity now for underdrainage as there formerly was for irrigation.
In several of the older regions of California irrigation is no longer
necessary, and with only 8 or 9 inches of annual rainfall, oceurring
during the winter months, such quantities of water have been added
to the soil that wells can be dug throughout the district and standing
water found at depths of from 2 to 6 feet. No irrigation is necessary,

except that the main canals be allowed to run throughout the season. .

If these canals are even a mile apart, they are believed to furnish the
water needed for the entire section, and it is the general opinion that
if they are not allowed to run the crop would suffer. It seems incredi-
ble that the lateral movement of water in these soils should be suffi-
cient to maintain the supply for a distance of half a mile on either
side of the canal, but such appears to be the fact.

In some of these older irrigated districts in California and in Utah
considerable areas of land have been abandoned or have been greatly
reduced in value on account of the excessive wetness of the soil and
the impossibility of producing any of the staple crops under such
unfavorable conditions.

Another objection to the excessive use of water in the irrigation of
soils of the arid regions is the danger from alkali. Excessive quan-
tities of seepage water in moving through the soil carry along the
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- soluble salts which have accumulated through the disintegration and

- decomposition of rocks. The water finally comes to the surface, first
in the lower valleys and ‘‘draws,” and then creeps up onto the higher
lands. As the standing water approaches the surface of the ground,
it is strongly impregnated with the salts, and as it evaporates in
large volume from the surface of the soil it leaves the soils often with
an incrustation of alkali on the surface. Such an accumulation of
salts is fatal to most if not all of our agricultural plants, and many
fine fields have been abandoned on account of this ‘‘rise of alkali.”
Not only does this affect crops of the person who applies the water,
but the main trouble being from seepage water the injudicious
methods used by one person may damage a neighbor some distance
away who is on a lower level and in the path of the flow of the seep-
age water. The remedy for this is thorough underdrainage and thor-
ough cultivation, but the prevention is through the judicious and
economic use of water. It is safe to say that two or three times the
area of land now being irrigated could be thoroughly watered with
the quantity of water at present being used, without any detriment
whatever to the existing fields. On the contrary, decidedly better and
surer crops could be grown through the smaller application and more
judicious use of the water. A convenient method of moisture deter-
mination, such as the electrical method described, if used as a basis
for the application of water to the soil, would be the means not only
of conserving the water so that larger areas could be irrigated, but
where it was used irrigation could be carried on much more intelli-
gently, to the great benefit of the crop and the conservation of the
fertility of the soil.

This investigation of the control of the soil moisture and the con-
servation of the rainfall, together with the application of water
through the method of irrigation, is of vital interest to the farmer in
the West; and as competition is growing stronger he feels the need
of all the light that can be thrown upon the subject, and is ready to
use any means which may be placed at his disposal for the control of
soil conditions.

SALT DETERMINATION IN THE SOILS.

-

The electrical method, upon which the moisture determination is
based, can also be used under proper conditions for the determination
of the relative salt content of soils. This is a matter of compara-
tively slight importance to the farmers in the East, but of the greatest
importance in the arid regions of the West.

The salt determination consists of taking a sample of the soil at the
proper depth, mixing it with a known quantity of water, packing it
in a cell with parallel metal electrodes separated by insulating walls
of hard rubber, sending an alternating electric current through the
soil and measuring its resistance, at the same time ohserving the tem-
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perature. An equal quantity of the soil is then mixed with a similar
volume of liquid containing a known quantity of pure salt. The
effect of the salt added will be to lower the resistance. From the
quantity of salt added and the effect it has in lowering the resistance
the amount of salt originally present in the soil can be estimated in
terms of the kind of salt thus used. This determination can be very
easily and quickly made.

The method is exceedingly sensitive, and where salts of the same
kind are present it is exceedingly accurate. Where mixtures of salts
oceur, it is not so accurate, and especially where the salts have not the
same value, weight for weight. Where, however, the salts are reason-
ably constant, or where the mixture does not change in its relative
composition, the method can be used to great advantage in making
rapid salt determinations. Several plats have been made of fields
showing the amount of salt at different places and at different depths
under the surface, and it will be quite feasible to make underground
surveys of the soil of any locality showing the relative amount and
distribution of the salt at different levels below the surface. This is
a matter of very great importance where the alkali problem is pres-
ent, for it is especially valuable to know the relative quantity of salt
at different depths, whether it be before or after damage has been
done by its appearance at the surface.

RELATION OF SOIL CONDITIONS TO THE DEVELOPMENT OF PLANTS.

It will be well to refer briefly to a line of work which is being
developed to round out the series of soil investigations. It is a well-
known fact, upon which these investigations are based, that differ-
ences in soils and soil conditions affect the physiology of plants,
so that different types and grades of the same variety may be main-
tained on adjacent soils. The investigation of the soil conditions is
merely a study of the causes which produce these differences in the
development of plants. The actual growth and character of the plant
itself; however, is the measure of the practical value of the soil con-
ditions, and soil investigations are incomplete without using this as
a measure to interpret the results of the investigations.

A tobacco plant grown upon a certain soil will produce a cigar-
wrapper leaf. If grown upon another soil, perhaps adjacent to it, a
different type of tobacco is produced, suitable only for some of the
foreign markets. If grown upon a third soil, the tobacco may be
unfit for any use, or of such a common type that it is not worth the
cost of production. We may investigate and explain the conditions
in the soils which determine the character of the crop, but if it is
desired to change the conditions in any of these soils, in order to
improve the quality of the tobacco, it is necessary %o understand the
influence of slight changes in the soil conditions upon the character
of the leaf.
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‘What is the character of a tobacco leaf which adapts it for use as
a cigar wrapper? What is the difference between such a leaf and
one adapted only to pipe smoking or for the export market? Dealers
recognize these differences readily by handling the leaf, but the
physiological differences have never been worked out. It is neces-
sary in the first place to understand the physiological characters
which determine the commercial value of the leaf. If thesestandards
are established as a basis for the comparison of the crop grown on
any particular soil and the influence of changing soil conditions on
the physiology of the plant is worked out, more intelligent methods
of improving the character of the crop can be reached than can pos-
gibly be used at the present time. Therefore, soil investigations
should always be interpreted by the physiological condition of the
plant grown upon the land, and the value of any change in the soil
conditions by methods of cultivation, fertilization, or irrigation
should be measured by the effect upon the quality and other com-
~mercial properties of the class of crops adapted to that kind of
soil. It is difficult work, and it is essentially a new line of work; for
while the influence of environment on plants has been studied in a
general way, very little attention has been given in the case of com-
mercial crops to the physiological characters which determine their
market value.

OFFICE OF EXPERIMENT STATIONS.

By A. C. TrUE, Director.
INTRODUCTION.

The Office of Experiment Stations represents the Secretary of Agri-
culture in his relations with the agricultural colleges and experiment
stations. How this came about is thus explained: Thirty-five years
ago Congress granted large tracts of public lands to the States to
enable them to establish colleges for the. especial benefit of people
engaged in the industrial arts. Agriculture, along with many other
subjects, was to be taught in these land-grant colleges. The organ-
ization of these institutions, already begun before the passage of the
act of Congress, proceeded rapidly in the years immediately there-
after. Now many of the colleges are strong institutions with large
faculties and hundreds of students.

About fifteen years later agricultural experiment stations began
to be established under State authority and were so successful that
in 1887 Congress passed what is commonly called the Hatch act, giv-
ing $15,000 a year to each State and Territory for the maintenance
of experiment stations, which must, as a rule, be departments of the
land-grant colleges.
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In 1890 Congress provided for the further endowment of the land-
grant colleges by the passage of the Morrill act, which granted
$15,000 a year to each State and Territory for the benefit of these
colleges. This regular stipend was to be increased by $1,000 each
year until it reached $25,000. The law requires that the land-grant
colleges shall annually report to the Secretary of Agriculture and to
the Secretary of the Interior their receipts and expenditures on
account of the Morrill fund. Moreover, ‘‘an annual report by the
president of each of said colleges shall be made to the Secretary
of Agriculture, as well as to the Secretary of the Iuterior, regarding
the condition and progress of each college, including statistical
information in relation to its receipts and expenditures, its library,
the number of its students and professors, and also as to any improve-
ments and experiments made under the direction of any experiment
stations attached to said colleges, with their costs and results, and
such other industrial and economical statistics as may be regarded as
useful.” .

. 'While the experiment stations established under the Hatch act are
managed by- the local authorities, the law provides for their being
united to form a national system of agricultural research by making
it the duty of the Secretary of Agriculture ‘‘to furnish such advice
and assistance as will best promote the purpose of this act,” ‘‘in order
to secure, as far as practicable, uniformity of methods and results” in
their work: Some years afterward Congress further made it the duty
of the Secretary of Agriculture to prescribe schedules for the financial
reports of . the stations, and to ascertain whether their expenditures
of the Hatch fund are in accordance with the law.

To enable the Secretary of Agriculture to discharge his duties rela-
tive to the experiment stations, the Office of Experiment Stations was
established as a branch of the Department of Agriculture in 1888.
And after the passage of the Morrill act this office was made the
representative of the Secretary in his relations with- the land-grant
colleges.

LAND-GRANT COLLEGES AND EXPERIMENT STATIONS.

A better understanding of the nature and scope of the work of this
office may perhaps be quickly reached if a few statistics regarding
the land-grant colleges and agricultural experiment stations are next
considered. In 1897 there were 64 colleges receiving the benefits of
the Morrill act. These institutions had permanentfunds, lands, farms
and grounds, buildings, apparatus, machinery, libraries, and other
equipment valued at $51,274,546, and their total revenues for the year
amounted to $5,178,580, of which $1,619,090 was derived from the
United States through the land-grant and Morrill acts. Their facul-
ties contained 2,290 professors and other teachers, and the students in
attendance numbered 28,260, of whom 3,928 were in the agricultural
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courses. Connected with these colleges, or in a few cases maintained
separately under State authority, were 54 agricultural experiment
stations, having a total income of $1,129,833, of which $720,000 was
received from the United States under the Hatch act. These stations
employed 628 persons in the work of administration and research
and issued 378 bulletins and reports, which were distributed to more
than half a million addresses. Their operations covered investigations
in the sciences of chemistry, physies, meteorology, geology, botany,
biology, zoology, and entomology, as related to agriculture, besides
numerous inquiries involving both scientific and practical work in
such subjects as soils, fertilizers, field crops, horticulture, breeding and
feeding of animals, dairying, diseases of plants and animals, dramage
and irrigation, seed testing, and bee keeping.

WORK OF THE OFFICE.

The business of the Office of Experiment Stations may be classified
in a general way as follows: (1) Examination of the work and expend-
“itures of the agricultural experiment stations, and the preparation
of a report thereon for transmission to Congress; (2) the preparation of
technieal and popular bulletins based upon the published reports of
the agricultural experiment stations and kindred institutions through-
out the world; (3) examination of the expenditures and work of insti-
tutions having courses in agriculture as the basis for reports regarding
the progress of agricultural education; (4) miscellaneous duties,
such as giving advice to the experiment stations regarding their
expenditures or lines of work, arranging for cooperative experiments
between this Department and the stations, answering inquiries regard-
ing the work of the colleges and stations. The office may also, by
direction of the Secretary, undertake the supervision of special
investigations ordered by Congress. As a basis for all its work, the
office carefully collects, catalogues, and indexes the published reports
of the agricultural colleges and experiment stations in the United
States and other countries.

In its examination of the work and expenditures of the agricultural
experiment stations established under the Hatch act, the office first
considers the published reports and bulletins of the stations. The
financial reports received from the stations on the schedules prescribed
by the Secretary of Agriculture are examined with reference to their
recommendation for approval by the Secretary. The director or other
representative of the office personally visits each station at intervals
of about a year to inspect the accounts, examine the work in progress,
and confer with the station officers. At least one representative of
the office annually attends the convention of the Association of
American Agricultural Colleges and Experiment Stations, which
includes delegates from the agricultural colleges and experiment sta-
tions throughout the country. This affords an excellent opportunity
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for conference with station officers and the gathering of much useful
information regarding their work. From the information gathered
from the publications and financial reports of the stations and the offi-
cial visits a summary report on the work and expenditures of each
station, together with a general résumé of their operations, revenues,
and expenditures, is made to the Secretary for transmission to Con-
gress. Inasmuch as the management of the stations is vested in the
local authorities and not in the Department of Agriculture, it is neces-
sary that much pains should be taken to secure such relations with the
managers and workers of the stations as will best promote that rea-
sonable degree of uniformity in general principles and policy which
should govern the work of the stations as contemplated by the Hatch
act. ' : .

In the countries of Europe and in many other parts of the world
numerous institutions for agricultural education and research have
been established, and it has been made the duty of the Office of
Experiment Stations to collect their published reports and other
information regarding their work and prepare such summaries of this"
material as will be of advantage to our investigators, students, and
farmers.

PUBLICATIONS OF THE OFFICE.

The publications of the office are divided into six classes: (1) Offi-
cial reports; (2) Experiment Station Record; (3) Card Index of
Experiment Station Publications; (4) technical bulletins; (5) pop-
ular bulletins and articles; .(6) circulars. During the past year the
office issued 39 different documents, aggregating 2,600 pages. From
this it is obvious that a very large part of the routine business of the
office consists in the preparation of publications.

THE OFFICIAL REPORTS.

The official reports of the office include the annual report of the
operations of the office, made to the Secretary of Agriculture, and an
annual report on the work and expenditures of the agricultural
experiment stations, made to the Secretary of Agriculture for trans-
mission to Congress.

THE EXPERIMENT STATION RECORD.

The Experiment Station Record is a periodical publication contain-
ing concise summaries of accounts of agricultural investigations
made by the Department, the experiment stations, and kindred
institutions throughout the world. It is prepared under the editor-
ship of the director of the office by a corps of several specialists,
among whom are divided the various subjects with which agricul-
tural science deals. In the work on the Record the office also has
the cooperation of the scientific divisions of the Department and the
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abstract committee of the Association of Official Agricultural Chem-
ists. Besides the abstracts of reports of agricultural investigations,
the Record contains leading articles by eminent foreign and Ameri-
can experts in agricultural science and editorials on topics of special
interest to agricultural investigators. These articles and editorials
often contain suggestions of lines of work which may be carried on
by our experiment stations. As our stations have developed and
work of a similar character in other countries has increased, the task
of preparing anything like a complete summary of agricultural inves-
tigations has become a very large one, as will be indicated by the
following brief statement regarding the contents of Vol. VIII of the
Experiment Station Record:

The eighth volume of the Experiment Station Record comprises
1,210 pages, and contains abstracts of 340 bulletins and 62 annual
reports of 53 experiment stations in the United States, 92 publications
of the Department of Agriculture, and 702 reports of foreign investi-
gations. The total number of pages in these publications is 38,552.
The total number of articles abstracted is 1,565, classified as follows:
Chemistry, 157; botany, 69; fermentation and bacteriology, 5; zool-
ogy, 10; meteorology, 54; air, water, and soils, 55; fertilizers, 103;
field crops, 228; horticulture, 154; forestry, 11; seeds and weeds, 29;
diseases of plants, 79; entomology, 126; foods and animal production,
177; veterinary science, 51; dairying, 189; technology, 4; agricultural
engineering, 22; statisticg, 92. Classified lists of articles, in some
cases with brief abstracts, are also given in each number. The aggre-
gate number of titles thus reported is 2,200. An author index and a
detailed subject index is published with each volume of the Record.
It is believed that the Record now covers the field of agricultural
science quite fully, and that with its aid our investigators ean readily
acquaint themselves with whatever is done in agricultural research
throughout the world. As the Record is intended primarily for
investigators, its style is made severely technical, and its gratuitous
distribution is strictly limited to officers of agricultural colleges and
experiment stations and the libraries of scientific institutions. . It
may, however, be purchased from the Superintendent of Documents,
like other similar publications of the Government.

THE CARD INDEX.

The Card Index of Experiment Station Publications is intended to
supply a means of ready reference to the publications of the stations,
and gives a brief account of the contents of each publication. It is
based on a topical synopsis of the subjects included in agricultural
science and practice, which has been more carefully and extensively
elaborated than any previous scheme for indexing agricultural litera-
ture. Each card bears the title of an article, the name of the author,
references to the station publication in which the article appeared
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and to the Experiment Station Record, and a concise summary of the
contents of the article. The index is furnished gratuitously to the
libraries of the agricultural colleges and experiment stations and is
sold to a limited number of subscribers. The preparation, printing,
sorting, and distributing of these cards involves a large amount of
work. The number of printed cards has now reached 15,000.

THE TECHNICAL BULLETINS.

The technical bulletins of the office include digests of agricultural
investigations and publications relating to the organization and work
of the experiment stations. After investigations on a given subject
have proceeded for a considerable period, a large amount of data
accumulates which in many cases is distributed among many dif-
ferent reports and journals. It then becomes difficult for the inves-
tigator or student to obtain a clear notion of what has been done in
this line, unless the scattered literature is brought together and a
concise statement of the methods and results of the work is prepared.
This task this office has undertaken as far as its other duties have
permitted. Examples of its work in this direction are a compilation
of analyses of American feeding stuffs and a bulletin on the history,
botany, chemistry, culture, enemies, and uses of the cotton plant.
A condensed digest of the reports of all the experiment stations has
also been made in the Handbook of Experiment Station Work. Each
year the office issues a bulletin containing, lists of the officers of the
agricultural colleges and experiment stations, a catalogue of the sta-
tion publications received during the year, the federal legislation
relating to the colleges and stations, and the rulings of the Federal
Departments on this legislation. The proceedings of the annual con-
ventions of the Association of American Agricultural Colleges and
Experiment Stations are edited by the director of the office and the
chairman of the executive committee of the association and published
by the Department.

. THE POPULAR BULLETINS.

The popular bulletins of the office are issued as a part of the gen-
eral series of Farmers’ Bulletins of the Department. The first two
Farmers’ Bulleting were issued as publications of this office, after
which this designation was adopted by the Department for its general
series of popular bulletins intendéd for wide distribution. Popular
articles are also prepared in this office for the Yearbook of the Depart-
‘ment. Lately the office has begun the preparation of a series of
popular résumés of experiment station investigations for the purpose
of acquainting the farmers throughout the country with the results
obtained at the stations in the several States and in general with the
progress of agricultural research on its practical side. These résumés
will be published as Farmers’ Bulletins, but will be designated by the
general title of ‘‘Experiment station work.”
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THE CIRCULARS.

The circulars of the office include miscellaneous brief papers con-
taining information on some subject of experiment station work,
addresses delivered at conventions, committee reports, statistics of
colleges and stations, ete.

RELATIONS OF THE OFFICE WITH THE AGRICULTURAL COLLEGES.

In connection with its work regarding the experiment stations, the
office is brought into close relations with the agricultural colleges.
Since the stations are, as a rule, located on the same grounds with
these colleges, representatives of the office have numerous oppor-
tunities for examining the educational work of the colleges and cori-
ferring with the college managers and faculties. As stated above,
the reports of the colleges are deposited in this office. In recent
years the office has paid considerable attention to studying systems
of agricultural education in foreign countries as well as in the United
‘States. The statistics of our agricultural colleges have been collated
in the office, and articles and reports on agricultural education.have
been issued. Naturally the Secretary of Agriculture is often called
upon to give advice regarding agricultural education and to promote
the perfection of plans for its extension in this country. In a general
way the office is endeavoring to obtain such information as will
enable the Department to perform its legitimate functions in this
important matter.

MISCELLANEOUS DUTIES OF THE OFFICE.

Under the head of miscellaneous duties, this office is often called
upon to advise the stations regarding their expenditures and work,
to aid them in arranging cooperative experiments with the Depart-
ment, or to facilitate their business with different branches of the
Government or with foreign institutions for agricultural research.
Inasmuch as the office is regularly traversing the literature of agri-
cultural science, it is in a position to give more or less definite replies
to inquiries addressed to the Department on a wide range of subjects
and to furnish memoranda on many topics which are useful in the
general business of the Department.

SPECIAL INVESTIGATIONS.

The special investigations at present in charge of this office are:
(1) Investigations on the nutrition of man, and (2) investigations .
regarding the agricultural possibilities of Alaska and the desirability
and feasibility of establishing experiment stations in that Territory.

NUTRITION INVESTIGATIONS.

Three years ago Congress for the first time made an appropriation
for investigations regarding the food habits of the people with a view
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to aiding them in improving their diet. In a word, this was to be an
attempt to study the nutrition of man in much the same way as the
feeding of domestic animals has been studied by the experiment sta-
tions. If it is a good thing to find out what are the best rations for
these animals when used for different purposes, surely it must be a
better thing, though obviously a much more difficult undertaking, to
aseertain the principles which should govern the selection and use of
food by men and women when engaged in various occupations. Con-
siderable work in this linehad been done in Europe, where, for example,
the great German armies are fed in accordance with scientific advice,
and some similar investigations had been made in this country. The
law provided that this investigation should be carried on by the De-
partment in cooperation with the experiment stations. The general
supervision of this work was, therefore, intrusted by the Secretary to
this office. Special expert agents have been employed and investiga-
tions have been undertaken in different parts of the country. The
first work was to collate and publish the methods and results of pre-
vious investigations. This was done in both popular and techniecal
bulletins. Then investigations in various lines were begun. The
food habits of people of various oeccupations have been closely observed
and recorded, questions relating to the relative expensiveness of dif-
ferent foods and dietaries have been considered, experiments have
been made to determine the digestibility of different articles and com-
binations of food, and investigations have been conducted to discover
the effects of cooking on the composition, digestibility, and nutritive
value of foods. At the same time efforts have been made to improve
the methods ard apparatus for investigation. About 20 bulletins
and articles have been published. Necessarily most of the werk
has thus far been in making experiments and recording the results.
So little accurate scientific work has been done in this line that on
many points it is impracticable to give useful advice until many
investigations have been completed. However, a considerable amount
of popular information on subjects relating to the food and nutrition
of man has been given out in different forms. A special effort has
been made to come into close relations with teachers and physicians.
The charts and popular bulletins of the Department on these subjects
have already been used in hundreds of schools and colleges throughout
the country, and have largely supplemented the very meager informa-
tion on these subjects furnished by the text-books on physiology and
hygiene.
THE AGRICULTURAL POSSIBILITIES OF ALASKA.

On the recommendation of the Secretary of Agriculture indorsing a
suggestion made by the director of this office, Congress provided in
the appropriation bill for this Department for the current fiscal year
for an investigation into the agricultural possibilities of Alaska, with
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special reference to the desirability and feasibility of establishing
agricultural experiment stations in that Territory. The general
supervision of this investigation was intrusted to this office, and
commissioners were appointed to visit the Coast and Yukon River
regions for this purpose. A brief account of the results of this work is
given elsewhere in this volume by one of the officers engaged in this
investigation, and a more complete report will be made to Congress.

DIVISION OF FORESTRY.
By B. E. FERNOW, Chief.
INTRODUCTION.

Forestry is the art of managing forests or wood crops, using the
same rationally, and reproducing them so as to secure continuous
supplies. As long as there are extensive virgin forests from which
to draw for our enormous requirements of wood material, it appears
to many people unnecessary to bestow any care upon the methods of
using them. They are cut wastefully, and their reproduction is left
to chance and nature’s beneficent but slow processes, nature having
endless time and infinite space at her disposal and no economic objects
to subserve. So it is that, with virgin supplies nearing exhaustion
and the forest area becoming more and more limited by the extension
of the agricultural area, it becomes apparent that wood crops are not
only as necessary as food crops, but that, like food crops, they require
some knowledge and care to produce the best results from limited
areas, and the need of forestry appears. ‘

Another aspect also becomes apparent with the reckless denudation
of mountains and hillsides, namely, the influence of the forest cover
upon the soil and water conditions of the agricultural lands below.
A new interest in forest conditions arises, and again the need of
forestry appears.

RELATION OF FORESTRY. TO ALL CLASSES OF FARMERS.

Forestry was not practiced in this country when the first attempt
‘was made to have it represented in the Department; the Division of
Forestry was created in advance of a well-developed interest, and
even now the work of the division is still more or less of a missionary
character, trying to bring about a reform in our method, or rather in
our absence of method, in the use of forest resources. When the
work of the division was begun, only tree planting in the Western
prairies and plains, as a means of ameliorating the climate, for shade,
wind-breaking effects, and for ornament, was practiced; but forestry
as applied to existing forests was practically unknown. Here and
there a farmer may have cut his wood lot with more or less care,
but the majority did not know that their wood lot was capable of
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being reproduced in superior quality merely by an intelligent use of
the ax.

To be sure, the larger portion of our forest resources is not in the
hands of the farmers, and hence the larger direct interest in the sub-
ject of forestry lies with another class of men, namely, those who
control our forest area and the production of our lumber and wood
manufactures—industries which rely upon forest growth to the extent
of a round half billion dollars for raw material—who employ readily
a million workers and produce material worth nearly two billion
dollars annually.

This tremendous business of harvesting and transforming our virgin
forest crop far outranks all other industries in employment of capital
and labor and in value of products except agriculture itself.

While the business of harvesting and using the forest crop in which
these industries are engaged is, to be sure, only a part of forestry, yet,
it is the most important part, for, as stated above, the difference
between crude forest exploitation and rational forestry lies in the
manner in which the harvesting is performed. Forestry teaches how
to cut and utilize the forest crop so as to secure the largest money
returns and yet maintain natural reproduction.

It may be argued that the farming community of the plains and
prairies, which produces the bulk of our agricultural produce, has com-
paratively little concern in the question except so far as shelter-belt
planting may be considered a branch of forestry. Yet, even if there
existed no direct relation of farming to forestry, such as will pres-
ently be shown to exist, the indirect relation must not be underesti
mated. In these times of close interrelation between all portions of
our country and between all pursuits and industries, it would be dif-
ficult to find any pursuit or industry or development or condition that
does not have a more or less direct bearing upon the farming industry,
and hence such a large and far-reaching industry as that which is con-
cerned with the exploitation of our forest resources must have a potent
interest for the farmer. '

- Paradoxical as it may appear, for instance, the farmer in the forest-

less region is in one direction more concerned in the fate of our forests
than.his brethren in the forested States. For these have stone, iron,
and coal ready at hand as substitutes for the wood material, while the
development of the plains and prairies has been possible only by
means of cheap and easily transported building material. When
prices for wood material rise, owing to the rapid decimation of our
virgin supplies, which is now appreciable, the first one to feel the dif-
ference will be the farmer on the prairie.

FORESTRY KNOWLEDGE NECESSARY FOR THE FARMER.

But the forestry business has a much more direct and intimate rela-
tion to the farming industry in the forested than in the forestless
regions. Having to deal with crops of the soil, the farmer in these



WORK OF THE DEPARTMENT FOR THE FARMER. 145

regions must divide the soil with the forester. If he be the owner of
land not all fit for the plow he must know what portions to leave to
wood crops and which to devote to farm crops. He must then learn
to manage his wood crop as well as his food crops, and thus a direct
need for forestry knowledge by the farmer arises.

In deciding upon the allotment of lands for forest and farm purposes
the fact that wood may be grown successfully in soils and situations
which are not adapted for farming forms the primary basis; yet, other
considerations must also enter into this determination. The farmer
not only manages the soil, but he must also manage the water resources
and climatic conditions so far as he is able, although he has hithertoe
but imperfectly realized the possibility, importance, and methods of
such management.

FOREST INFLUENCES.

There is a well-substantiated belief that a forest cover exercises
" eertain influences not only upon the soil on which it stands and on
the waterflow and climatic conditions within its own boundaries,
but beyond these; hence the existence or absence of a forest cover,
its presence in situations where a beneficial influence upon surround-
ing conditions may be exercised, its treatment so as most effectually
to secure its protective influences—all these considerations are of
direct concern to successful farming.

This question of forest influences has been again and again dis-
cussed in annual reports, Lut most exhaustively in Bulletin No. 7 of
the division, ‘‘Forest influences,” published in 1893. This publica-
tion enables the farmer to form his own opinion as to the character
and degree of influence which a forest cover exercises upon the
wastage of his water resources, upon the erosion and silting of his
fields, and upon the loss in his crops from winds and other causes
which may be affected by the forest cover; and thus he may be
enabled to decide judiciously as to what portion of the farm to leave

in woodland.
WATER MANAGEMENT.

To bring the application of this knowledge more fully to the
farmer’s conception, the loss which our farming lands suffer annually
by erosion, amounting to millions of dollars of soil capital, is graph-
ically depicted in a colored chart, designed to be exhibited as an
object lesson in schools, post-offices, and other public places. It
shows how the denuding of the hilltops and the compacting of the
soil by the rains and by the trampling of cattle induce rapid surface
drainage. The compacted soil is gullied and washed away, the valley
fields silted, and the farm is lost. The chart also shows how by keep-
ing hilltops and steep slopes under forest, by filling gullies with
brush and stonework, and providing for underground drainage, etc.,
the farm is regained, and how by judicious distribution and manage-

4 A97——10
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ment of forest cover and proper assignment of soil to various pur-
poses the farm is retained in best producing capacity. This relation
of forest to farms has also been discussed and illustrated in Farmers’
Bulletin No. 20, ‘“Washed soils: How to prevent and reclaim them,”
and in the Yearbook for 1895. Water management (meaning thereby
not only the use of water for irrigation in the arid and subarid
regions, but the rational distribution and use in the humid regions of
available water supplies) is the great problem of the future, upon
the solution of which more productive agriculture depends; and with
the solution of this problem the forestry problem is most intimately
connected, for without forest management no rational water manage-
ment is possible.

RELATION OF FORESTS TO SURROUNDING CONDITIONS.

As this is perhaps the most important direct relation of the farmer
to forestry and there are still erroneous notions as to the philosophy,
character, and degree of this relation abroad, we may be allowed to
briefly state what our present knowledge regarding it seems to be,
referring the reader for a fuller discussion to the publications cited
above.

There are two questions involved, namely, the effect of a forest
cover on the conditions within its own boundaries and on the condi-
tions of adjoining territory. That the degree of influence depends
largely on the kind and condition of the forest growth itself must be
self-evident; it must differ according to the composition (hardwoods
or conifers), the density (open or close stand), the height or age of the
trees, and many other conditions.

The influence upon the conditions under its own cover are mainly
due to the mechanical barrier which the canopy of foliage interposes
between the sun, the rain, the winds, and the air of the interior and
the soil. The exclusion of sun and wind reduces the evaporation,
and hence both the air and soil under the shade of a forest cover
should, as a rule, be not only cooler, but moister than in an open or
barren field. Trees, to be sure, require water for their growth, but it
seems that they require less than a growing field or grass crop or
weeds, and, since they bring up the water from greater depths and
transpire the greater part into the air, they increase the humidity of
the air in their neighborhood.

Yet, it is still an open question whether forests contribute to
an increased rainfall in their neighborhood. Other conditions pro-
ducing rainfall are so much more powerful that it is doubtful whether
this forest effect, if it exists, would be appreciable even within a re-
stricted area. On the other hand, it is well known that a timber belt
or even a few rows of trees in a wind-break or shelter belt have not
only a beneficial effect on orchards and cattle, especially in the open
prairies and plains, but also on crops in adjoining fields; because, by
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breaking the force and velocity of droughty winds, the evaporation is
reduced, and hence more moisture remains for the use of the crop.

The most patent and most potent effect of forest cover upon water
and soil conditions is to be found in a hilly or mountainous country.
Again, this effect is a mechanical one. Crops depend less on rainfall
than on water supplied to their roots, however obtained, whether it
be furnished by rain directly, by artificial surface irrigation, or by
natural underground irrigation. Rain is not the most desirable form
in which our water supply comes to us, as the districts relying on irri-
gation testify. The ideal form of supply is by natural underground
drainage.

Now this is precisely what a forest cover, on the higher levels as well
as in the valleys, aids in securing, namely, the changing of surface
drainage into subdrainage and the conservation of moisture against
dissipation by the evaporative influence of sun and wind. A forest
growth keeps the soil porous, and with its deep-reaching root systems
assists the percolation of the falling waters or melting snows, and per-
mits subdrainage of these waters, which prevents their wastage by
surface evaporation; while on a bared slope and even in a cultivated
field the pattering raindrops compact the soil, thus finally by their
own action impeding percolation. As a consequence, less water pene-
trates and more is finally evaporated by capillary action, and hence
less remains available for the crops at lower levels. The waters fall-
ing on a well-forested slope find the lower levels underground and
furnish the desirable constant supplies to the lowland fields. This
explains the constancy and even flow of springs and brooks in a well-
wooded country, where uneven flow, floods, and droughts become
frequent after denudation.

Between the extreme conditions of an absolutely bare slope and a
well-wooded one there may be many gradations, and the condition of
the forest cover will necessarily determine the amount of influence it
exerts. Besides, geologic formation and topographic contour must be
considered. There may be loose rocks and gravels which, without a
protecting forest cover, remain readily permeable, and again there
may be such precipitous slopes that even a forest cover can not much
impede the surface drainage.

In addition, the rapid surface drainage on a thinly forested or bare
slope induces the gullying and eroding process, and the destruction
and wastage of the fertile soils at lower levels is the consequence.
The character and degree of this erosion, to be sure, varies according
to the character of the soil and the slope. There may be conditions
where no dangers need be feared from this source, but over large areas
in our country there are just such conditions as in France, where
whole communities have been impoverished and large areas depopu-
lated by erosions and floods, induced by forest devastation on the
slopes. In such localities, at least. it is essential that the farmer
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exercise judgment in the location of his fields as well as in the man-
agement of his woodlands.

The loss of soil capital in the United States, due to this cause, has
been roughly estimated at 200 square miles of soil per annum. The
great floods of the Mississippi and the hardships to agriculture result-
ing therefrom are intimately bound up with the condition at the head
waters of streams and along stream banks, and may, in time, be
avoided or at least reduced in frequency and danger by a judicious
management of the drainage conditions which furnish the flood
waters. Forestry, as Captain Eads himself foresaw, will have to
come to the aid of the engineer.

From these statements it will appear that not merely as a citizen
interested in the general welfare of the country is the farmer under
obligation to take interest in the subject of forestry—if not in its tech-
nical aspects, then at least in its importance with reference to other
economic conditions—but as one whose own industry and capital are
directly influenced by forest conditions.

SYLVICULTURE.

For those who desire to get a general conception of the objects as
well as the methods of forestry as practiced abroad, there is, besides
the annual reports which discuss various phases of the subject, a
brief yet comprehensive discussion to be found in Bulletin No. 5,
entitled ‘“ What is forestry,” of which a large edition has been pub-
lished and distributed.

For those who desire more technical information and wish to apply
some of the forestry principles to the treatment of their wood lot, the
Yearbook for 1894 in the paper ¢ Forestry for farmers” gives con-
cise instructions, elucidating first the manner in which trees and
forests develop and then giving hints as to how the wood lot should
be cut systematically to secure a young growth of desirable species.

Under the caption of ‘“Tree planting in waste places on the farm,”
the Yearbook of 1896 gives, at least, valuable hints as to how the
untillable ground, the rocky and unsightly spots of a farm, may be
made useful by devoting them to tree growth.

It is only possible in such brief papers to give general principles,
gince the flora, the climate, and other conditions vary to such an
extent over our large country that specific rules could be formulated
only for a definite locality. When it comes to the practice, the farmer
will have to study his own conditions and apply the principles accord-
ing to his own judgment and experience, just as in other agricultural
problems. Furthermore, much of the specific knowledge which would
entitle us to give authoritative advice is still lacking.

FOREST BIOLOGY.

In order to manage a forest growth intelligently we must know first
of all the biology, or life history, of all the kinds of trees which com-
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pose it, what conditions they require for their best development, how
their growth progresses from the seed to maturity, especially their
relative height growth and their light requirement or shade endurance,
for this knowledge alone will enable us to judge whether and how we
can maintain the desired composition and secure its best development
and reproduction.

The European forester needs this knowledge only for six or eight
species, while the American forester in almost any part of the country
must be familiar with the requirements of at least a dozen or two; and
he who would want to give specific advice for all parts of our country
must know the life history of at least 100 tree species out of the 450
which are found native in the United States. He must, in the first
place, know to which of the host of tree forms to direct his attention;
he must determine which are to be considered economically valuable
species, which have only subordinate sylvicultural value, and which
must be considered simply as weeds (for there are weeds among trees
as well as among other plants). But weeds, we must not forget, are
only plants, the use of which is not yet known. He must, therefore,
classify the trees as to their relative value, and for such classification
he must have sylvicultural, biological, and technological knowledge
of them.

NOMENCLATURE.

It may be well to remind the reader that in the development of any
science or art there is much work necessary to be done that has
apparently no direct practical value. Yet, to insure the satisfactory
progress of such development it has to be done, and sometimes the
practical value will show when least expected. Of such a class of
work is the revision of the nomenclature of the arborescent flora,
which was published in Bulletin No.14—an attempt to bring about
uniformity in the use of the botanical as well as of the vernacular
names. It was a very practical question which suggested the urgent
need of this work, namely, the loss of money by a firm of nursery-
men, who, in ignorance of the different use of names by the customer,
supplied the wrong plants. Again and again has the confusion of
names led to similar troubles.

BIOLOGICAL WORK OF THE DIVISION.

The work of the Division of Forestry in a biological direction has
been progressing very slowly, partly because of a lack of men fitted
to pursue this particular line of work, which requires a certain amount
of forestry education and close observation in the field, and partly
because of scant appropriations.

A first attempt at a tentative classification of our forest flora was
made in the annual report for 1886, in which a list of 97 species then
conceived as of economic importance was given, classified according
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to their relative value. with notes regarding their sylvicultural require-
ments. A revised list of this kind will be found in the Appendix to
this volume.

More comprehensive studies were made regarding the most impor-
tant timbers of the Eastern United States, the conifers (spruces, pines,
hemlock, cedars, cypress), which, although perhaps of less direct
interest to the farmer than the broad-leafed trees that usually com-
pose his wood lot, at least in the Northeastern section of the country,
furnish from two-thirds to three-fourths of our enormous lumber
consumption, and their reproduction is, therefore, of the greatest
interest to the people at large and to the forester of the future.

So far, the division has been able to make a thorough study of five
- species only with sufficient completeness to warrant the publication
of results, namely, the white pine, the monograph on which is to be
published shortly, and the four Southern lumber pines, which were
discussed in Bulletin No. 13, ““The timber pines of the Southern
United States,” published in 1896.

Although these studies are designed more particularly to meet the

needs of that class of men who control the pine forests, and to assist
them in a better management of the same, every farmer who wishes
to widen his conception of the drift and importance of the subject
should read this Bulletin No.13. It is the first attemptin the United
States of a comprehensive statement, from a forestry point of view, of
the economic, technical, and sylvicultural conditions and require-
ments of four species of forest trees.
- A knowledge of the life history of the species composing the
forest and of their sylvicultural requirements is all that is necessary
to manage the crop for best development and reproduction. This
part of forestry—the growing of the crop—is designated as sylvicul-
ture. But the forester whose business it is not only to grow the erop,
but to market it and produce a money result, must have knowledge
in three other directions, namely, he must know how fast his crop
develops, he must know for what purpose the different parts of his
crop can be most profitably employed, and lastly he must have some
knowledge of market conditions and market requirements.

FOREST MEASUREMENT AND FINANCE.

The forest crop differs from all other crops and forestry differs
from all other industries of production in two ways. There is no
definite period when the crop can be said to be mature, as in the case
of agricultural products; it consists, first, of annual accumulations
which are allowed to continue until the individual trees attain either
a useful or a profitable size, and, secondly, to attain such size a long
time, and, with different species and conditions, a variable time, is
needed; thus, for firewood production a growth of fifteen to twenty-
five years might suffice, while for good lumber production not less
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than seventy-five to one hundred years and more are needed. This
indefiniteness of the time of maturity and the unusually long period
of production during which the crop has to grow predicate peculiar
business arrangements, entirely different from those prevailing in
other industries, if forest growing is to be carried on as a financial
business, and so necessitate to a greater extent than with any other a
full knowledge of the forest industry.

Tree measurements, especially measurements of the rate of growth
of single trees and of whole stands of trees, furnish the basis for
determining the first question, namely, when under given conditions
the useful or the profitable sizes may be expected to be attained.

The division has, therefore, for some time, as opportunity has been
afforded, carried on measurements of the rate of growth of certain
species, especially of the important conifers. It is now in position to
make a comprehensive statement of the growth of white pine, having
analyzed nearly 700 trees from many localities, the results of which
will permit an estimate of the possible yields that can be expected
from this species at different periods of its life. This is a much more
complicated matter than most people would suspect, especially since
our measurements can only be made on trees and standsof trees which
have grown in nature’s unattended forests, while with the application
of knowledge and skill in the management of the crop quite different
results may be secured. Bulletins of thisdivision will shortly be pub-
lished on the measurement of standing trees and forests and on the
measurement of the rate of growth of trees and forests.

There have been many misconceptions abroad as to the rapidity of
tree growth and the amounts that may be harvested from an acre in
a given time. If wood alone were to be produced, the matter would
be much more simple. We could, from the experience which has
been gathered in other countries and in our own, soon arrive at a
statement as to the amount of wood which an acre of a full grown
dense forest crop could produce, just as we know the productive
capacity of an acre of wheat or barley.

In an average of a hundred years the yearly growth, according to
species, soil, and climatic conditions, would vary between 30 and 180
cubicfeet of wood per acre each year. But, unless firewood is the object
of forest cropping, it is not quantity of wood merely, but wood of given
size and of given quality, wood fit for the arts, that is to be grown.
Such wood alone it will pay to raise. Hence, it is necessary not only
to know what sizes can be grown in given periods of the life of the
crop and what sizes can be profitably handled at the mill or in the
market, but also what qualities are desired and under what conditions
they can be produced. Trees develop very differently at different
periods of their life. Thus, while a white-pine tree may in the first
fifty years have grown on an average one-third of a cubie foot of wood
per year, if we had waited till the hundredth year the average rate per
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yeéar would appear as more than 1 cubic foot, and the total volume four
to five times what it was at fifty years, although the diameter has only
about doubled. Again, while at fifty years hardly more than 15 per
cent of the total wood volume would have furnished saw timber, per-
haps making 50 feet B. M., at one hundred years the proportion of
the more valuable milling material would have risen to 40 per cent
and more of the whole tree, and the output of timber has reached 500
feet B. M. On the other hand, an acre of pine fully stocked which at
one hundred years may have produced at the rate of 140 cubic feet per
year could under the same conditions have produced for the first fifty
years at the rate of 180 cubic feet per year, or nearly one-third more.
Yet, the value of the wood on that same acre at one hundred years is
very considerably more than the fifty-year old wood, on account of the
increased proportion of highly useful material that can be got from it.
Similarly, we find that not more than 1 to 2 per cent of the wood pro-
duced in the coppice woods of twenty to twenty-five years’ growth, in
which New England abounds, is serviceable in the arts, while 50 to
75 per cent and more may be thus profitably utilized from the same
acre if allowed to grow one hundred years.

It will be readily seen from these few glimpses into the subject that
this knowledge of the rate of development and yield of our timber
trees is indispensable for the discussion of the profits of forest erop-
ping, and also furnishes hints for rational methods of sylviculture.
This same white-pine tree, for instance, could have made much more
wood if it had been allowed to grow without interfering neighbors,
but it would not only have assumed less useful, conical shape, but
would have put much of its energy into branches, which not only do
not furnish serviceable wood, but produce knotty lumber, an inferior
or unsalable article. Moreover, the wood of most or many of our
trees changes in quality with age, so that with size, form, and freedom
from knots, not only the technical value, but the money value also,
grows disproportionately.

CONSUMPTION AND WASTE OF WOOD.

Regarding the technical value of our woods the ignorance of our
people, even of those whose business it is to use wood in structures
and otherwise, is so great that an enormous waste of good material is
the result. Our nation has used and is now using more wood mate-
rials than any nation ever did, our wood consumption per capita
outside of firewood being eight to ten times that of Germany and
eighteen to twenty times that of Great Britain. Not only do we rely
more on wooden structures, but we are more wasteful in their con-
struction. This waste is induced by two causes—ignorance regarding
our supplies, which we seem to believe inexhaustible, and ignorance
regarding the properties of our timper and of wood in general, which
results in wasteful lavishness.
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In the opinion of the writer, change in our methods of using wood
has become an absolute necessity, for if we persist in the wasteful
squandering of our virgin supplies of timber we must inevitably
exhaust them before a new crop is ready to supply even our more
limited necessities. The farmer should be as much interested in this
question as any other class of citizens, and perhaps more, for he relies
upon wood more than any other class, not only in his buildings but in
his implements.

STATISTICS.

The division has never been placed in position to ascertain with
any degree of accuracy the question of supplies, but has gathered at
least such information as was accessible from other sources, and has
endeavored to present them in such a manner as to attract attention
to the gravity of the situation.

In Circular No. 11, ¢‘ Facts and figures regarding our forest resources
briefly stated,” it was estimated that at the very best there were to
meet our annual consumption of a round 40 billion feet B. M., in bolt
and log size, not more than 2,300 billion feet of timber standing, or
less than sixty years’ supply. This is probably a very sanguine posi-
tion, and does not take into account that much of this timber is
certain to be cut into firewood or burned in our annual conflagrations.

The situation is still less assuring when we confine the inquiry to
the coniferous growth, which, as we have stated, furnishes at present
nearly three-quarters of our lumber consumption. This was discussed
in a report in answer to a resolution of the United States Senate of
April 14, 1897 (Senate Doc. No. 40, Fifty-fifth Congress, first session).
In this report it was shown that there was probably not sixteen years’
supply standing in the Eastern States if we continue to cut and waste
it as hitherto, and that the supply of the Pacific Coast would not suf-
fice to lengthen this period of plenty beyond thirty years, even if this
supply were not largely destroyed by fire.

The lesson to be learned from these statistical inquiries is that the
time when supply is in excess of demand has passed, considering that to
grow a really serviceable mill log of pine requires not less than one
hundred years—the trees that have hitherto been considered service-
able for such purposes being much older. Farmers who own really
good saw timber will do well not to fritter it away, but carefully cut
it, when salable at good price, in such a manner as to reproduce the
crop.

FOREST TECHNOLOGY AND TIMBER PHYSICS.

The other element of ignorance which leads to waste, namely, the
properties of wood in general and of our timbers in particular, acts
detrimentally in two ways: .First, by not knowing or appreciating the
value of many of our woods, we fail to use them, and waste the supply
in logging operations; and, second, by not knowing more exactly
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the properties of those we use, we apply them in wrong places and
wastefully. Everybody knows how the black walnut has been squan-
dered in fence rails and been burned without the knowledge that it
could have been kept for a century (in logs, if not standing), with
increase in value and without danger of decay. Who does not remein-
ber how millions of feet of hemlock, from which the bark was taken,
were lying rotting in the woods, because the value of the wood was
unappreciated! And even to-day millions of feet of most valuable
chestnut and oak are left in the woods unused after the bark has
been taken by the tanner. While this may be in part due to economiec
conditions, the transport of the wood being too difficult and too expen-
sive, there is no such reason for leaving the excellent hemlock of the
Pacific Coast uncut in the woods.

In some portions of Washington and Oregon about one-half the
forest growth consists of hemlock trees 300 feet and more in height
and 3 to 4 feet in diameter, furnishing a magnificent material for many
purposes. Yet, such is the ignorance regarding its value that it can
not be marketed, and it is left standing. This would at first sight
appear an advantage for the future; but it is not, for the trees, sud-
denly placed in different conditions, even if the fires that follow the
logger should spare them, die as the consequence of the exposure by
removal of their neighbors, and thus one-half the value of the forest
growth is lost. Examples of this kind could be multiplied from all
sections of the country. The other kind of ignorance, namely, regard-
ing the properties of the woods which we do use, exhibits itself in
their wrong and wasteful application. :

There has been so little systematic and reliable investigation on
our timbers that until a short while ago the sizes which architects,
builders, and engineers prescribed for use in structures were formu-
lated upon the data furnished by European investigators on European
timbers, which are by no means of the same quality as ours. The use
of unsuitable woods in places where liable to decay, and the absence
of proper handling of woods used for such purposes, occasion a large
wastage, due to the necessity of replacing them; and many a disaster,
from the break of a wagon pole to the collapse of a building in which
large amounts of property and even life are destroyed, may be traced
to ignorance in the use of woods.

The first statement as to the wasteful use of our timbers we can
substantiate by the investigations of the division, which have shown
that the strength of our longleaf pine is from 20 to 25 per cent greater
than had hitherto been supposed; by this knowledge an annual saving
of at least $6,000,000 worth of this material alone could be effected.
The demonstration by the division that the bleeding of this same spe-
cies for turpentine does not deteriorate the timber value of the ttees
has added at least $2,000,000 annually to the product of the pineries
of the South.
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A few years ago the division inaugurated a most comprehensive
investigation, such as had never been attempted elsewhere, in order
to remove, once for all, ignorance so fatal to a conservative use of our
forest resources. The plan elicited the commendation of both Euro-
pean and American engineers and wood consumers iff general, who
realized most readily how little we know of wood and how important
such knowledge is, and how dangerous in its consequences is the
absence of reliable information. The results, being capable of imme-
diate application in practice, promised more immediate effects in the
direction of more conservative use of our forest resources than any
other line of work. Yet, through lack of appreciation of its direct
influence upon the forestry problems of the country and deficient
appropriations, the plan was curtailed in its scope, and has finally
been abandoned.

This work and the publications that have resulted therefrom so far
may not be of direct and special interest to the farmer, as they are
necessarily in the first place designed for use of architects, engineers,
and others using wood on a large scale. Yet, even though the farmer’s
interest in the subject is seemingly limited, it may be well worth his
while to become familiar with two of the publications emanating
from these investigations, namely, Bulletin No. 10, ‘“ An elementary
discussion of the characteristics and properties of wood,” which
attempts to give in concise form what general knowledge we have
regarding wood, with such examples of our own timbers as were
available, and the paper in the Yearbook for 1896 on ‘‘The use of
wood,” in which the principles are discussed which should guide in
the choice of our woods for various purposes. From the final results
of these investigations, if they should be continued, the farmer would
indirectly benefit as much as every other c1t1zen' who builds a house
or uses a spade.

Those engaged in growing wood for profit will recall what has been
said regarding the profitableness of forest culture as depending on
our knowledge of the qualities of our product and its serviceableness
for different purposes, and will readily form an opinion as to the
paramount need of these investigations, which can in a comparatively
short time be brought to conclusion.

We repeat, that as far as the enormous business of harvesting and
marketing forest products and of wood manufactures is concerned,
the forestry interests lie in the hands of other men than the farmers,
who own only a limited portion of the great forest areas.

TREE PLANTING IN FORESTLESS REGIONS.

Forests grow in humid regions; and as forestry has to do with
forests rather than trees merely, as the etymology of the word indi-
cates, the work of the division has had most concern with the interests
of these regions instead of making the tree planting in the Western
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States its most prominent concern. Nevertheless, the beneficial influ-
ence which tree growth may exercise on surroundings being first real-
ized when the absence of it suggested it to the settler on the open
prairies and plains, tree planting became early a practice among
the settlers in those regions.

This tree planting had in view proteetlon from cold and hot winds,
shade, and shelter rather than wood supplies, and we may as well
recognize at once the fact that while undoubtedly this beneficial influ-
ence of timber belts may be secured in most parts of the arid and
subarid belts, and incidentally the supplying of firewood and other
timber of small dimensions for domestic use, it is entirely out of the
question to expect that these plantings will ever furnish supplies for
our great lumber market. These supplies will always, the writer
believes, be grown in the regions in which forests now grow and
which are by nature best adapted to wood crops. Nevertheless, the
division has given attention to the needs of the tree planter in the
prairies and plains, who is concerned in the artificial creation of forest
growth to ameliorate his climatic conditions.

In these arid and subarid regions, where nature has denled tree
growth, the climatic conditions are so different from those of the
humid parts that not only different methods of cultivation are nec-
essary, but the plant material must be imported and selected with a
view to a rigorous climate, characterized by extreme ranges of tem-
perature. A range of 40° below zeroto120° F. above must be endured
by the trees, their moisture requirements must be of the smallest, and
they must be capable of responding to the enormous demands of
evaporation. At first, whatever trees will grow successfully from the
gtart under such untoward conditions would have to be chosen, no
matter what their usefulness otherwise might be.

The first settlers have ascertained by trials some of the species that
will succeed under such conditions, but unfortunately most of these
are of but small economic value and some of them are only short
lived under the conditions in which they have to grow. The methods
of planting were naturally suggested by the experience of orchardists
and nurserymen, since forest planting had never been practiced in
this country, but unquestionably many failures can be avoided by
application of forestry principles in these plantings. Whether more
useful kinds can be found that may be grown to advantage, and
whether methods of planting can be devised by which a greater
efficiency of the plantation may be gained, are problems which the
division has taken up within the last few years. Such problems can,
of course, only be solved by actual fieldwork, experiment, or trial,
and hence the cooperation of the State agricultural experiment sta-
tions has been secured to carry on such experiments. The station
authorities have placed some land at the disposal of the Department,
and the professor of horticulture or some cther officer of the station
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superintends, free of charge, the labor of planting, cultivating, ete.,
while the Division of Forestry furnishes the plans, plant material,
and all expenses. )

So far, the stations of Montana, Utah, Colorado, Texas, Oklahoma,
Kansas, Nebraska, South Dakota, and Minnesota are engaged in this
cooperative work. In addition, there are two planting stations located
in the forested regions, namely, one in Minnesota and one in Penn-
sylvania, to experiment on practical methods of reforesting cut-over
waste brush lands.

Some few years ago the writer came to the conclusion that the coni-
fers, especially the pines, would furnish more useful and otherwise
serviceable plant material for the arid regions. Not only are they of
greater economic value than most of the diciduous trees that have
been planted, but, requiring less moisture for their existence, they
would, if once established, persist more readily through droughty
seasons and be longer lived; besides, their persistent foliage would
give more shelter all the year round.

A small trial plantation on the sandhills of Nebraska, described in
the annual reports of the division for 1890 and 1891, lent countenance
to this theory. To be sure, the difficulty of establishing the young
plants in the first place is infinitely greater than would be experi-
enced with most deciduous trees. A large amount of attention was,
therefore, devoted to finding practicable methods of growing the seed-
lings cheaply for extensive use and of protecting them for the first
years in the plantations, for the transplanting of conifers is attended
with considerable difficulties, especially in a dry climate, and they
require in the first years protection from the sun and winds. They
must, therefore, be planted in mixture with ‘“nurse” trees which
furnish not too much and yet enough shade. It can not be said that
the success in using these species has so far been very encouraging;
nevertheless, the failures may be charged rather to.our lack of knowl-
edge and to causes which can be overcome than to any inherent inca-
pacity of the species. The experimentations should, therefore, be
persistently continued.

Mixed planting and close planting are undoubtedly the ploper
. methods of establishing quickly forest conditions, when without fur-
ther attention the plantation will take care of itself. But it is essen-
tial to know what species should be planted together and how close
in order to secure the best results, and this knowledge can only come
from experience and actual trial, since the behavior of trees in regions
in which they are not indigenous can not be predicted by anyone.

SEED EXCHANGE.

There is one other cause of failure which has rarely been suspected,
and which it is most difficult with the present practices of nurserymen
and seed dealers to overcome.
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It has generally been known that the hardiness of a plant, its
capacity for withstanding cold and drought, is dependent on what it
has been accustomed to endure in its native habitat. The seed and
the plant originating from that seed possess no more hardiness than
the parent plant. It is, therefore, essential, when attempting to intro-
duce plants into climates in which they are not indigenous, to secure
them from climates as nearly as possible like the one into which they
are to be introduced. With annuals, this is perhaps less essential
than with trees which are expected to persist all the year for many
years. Yet, no care has been taken in this respect. We transplant
acorns, or oak seedlings, from the warm, moist climate of Pennsylvania
into the dry, cold climate of the Dakotas, or we use the seed of the
Douglas Spruce from the moist, even-tempered Pacific Coast instead
of from the dry, rigorous climate of Colorado, and no wonder the
planting is a failure.

To demonstrate that this is so, and at the same time to ascertain
how far this adaptation to climatic conditions extends, a seed-
exchange experiment has been instituted, in which a large number
of the agricultural experiment stations have kindly consented to par-
ticipate. Seeds of the same species are collected at the various sta-
tions and are exchanged between the stations, so that at each station
the same species from all localities is grown simultaneously. No
more striking illustration could be had of the truth of the law as
stated than the rows of box elder and ash at the station at Grand
Rapids, Minn. ; those from seed gathered in Ontario, fully germinated,
30 inches high the first year, vigorous and entirely unaffected by
the first September frost; by their side are the rows grown from seed
gathered in Oklahoma, a thin stand, half the height of their neighbors,
poorly developed, and the foliage completely collapsed by the slight
fall frost.

The conclusion is, that unless we control the collection of the seed
from most northern and driest points, where the species grows, we
have neglected a most essential element of success in the effort of
acclimatization.

PLANT INTRODUCTION.

This work of introducing and bringing to trial new and untried
species has been lately extended to exotic species in addition to our
native ones. It is proposed to systematically collect all the trees and
shrubs which exist in the arid and subarid regions of the world into
arboreta, or trial grounds, located in different parts of our own arid
belts, where they can be studied and observed, and where finally
those can be selected which promise the best results for planting under
those untoward conditions. Such systematic effort, carried on with
persistency and circumspection, must, it would seem, lead to the
discovery of new and valuable additions to our economic flora.
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It stands to reason, that if this is desirable for the regions which
are poorly endowed with native forms, it is not less desirable for
more favored localities, and if the systematic procedure is preferable
to the haphazard sporadic attempts, with regard to the introduction
of tree growth, it is equally preferable in the introduction of other
economic plants. It is, therefore, to be hoped that this work of
plant acclimatization will be extended to all kinds of plants with
liberal appropriations from Congress, when the Division of Forestry
will have the satisfaction of having assisted the farmer by having
taken the lead in this work, though in a direction not exclusively its
own.

PROPAGANDA.

Besides attention to technical work, a large amount of time and
effort has been spent by the members of the division in and out of
office hours in forwarding the movement for a more rational treat-
ment of our forest areas. Many lectures before farmers’ institutes
and elsewhere, articles in newspapers and technical journals, and
official circulars of information have been the result.

Thus, in Circular No. 1, addressed to teachers in public schools, it
was tried to enlist them in the movement. Circular No. 10 gives sug-
gestions to lumbermen how to secure their property against fire; Cir-
cular No. 11 attempts by a succinct statement of facts and figures
regarding our forest resource and wood consumption to arouse interest
in the subject; Circular No. 13 gives a synopsis of the more recentlaws
against forest fires, most of which were, in part at least, formulated in
the division, and Circular No. 17 gives a synopsis of other legislation on
behalf of forestryin the States, also largely formulated in consultation
with the division.

FOREST RESERVATIONS.

The condition of the public timber lands naturally occupied the
attention of the division from an early time. A full report on the
condition of the forests in the Rocky Mountain States was presented
in Bulletin No. 2, published in 1887, and in the same year the writer
formulated a comprehensive bill, with report, providing for a rational
and profitable administration of the same. This bill, introduced in .
Congress, afterward known as the Paddock bill, did not become a
law, but its eduecational effect and its frequent discussion before the
Committees on Public Lands, led finally to the passage of a law
empowering the President to set aside forest reservations from-the
public domain. After some 18,000,000 acres had under this law been
so reserved, the necessity for their protection and administration
was persistently urged, and finally this year, besides an increase in
reservations, legislation attempting to provide for such administration
has been secured.
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The reservations being located in the mountain districts of the
Western States, where farming is largely dependent upon irrigation
by means of the waters collected in the mountains, there is naturally
a very close though indirect relation of the farming interests to the
condition of these forest areas.

The destruction by fire, ax, and indiscriminate pasturing of these
mountain forests without reproduction or reforesting must ultimately
lead to even worse damage to agricultural interests than has been
experienced in France from similar maltreatment of the mountain
forests. Where the farmer relies upon irrigation he will suffer from
"~ uneven distribution, excess, and deficiency of water supplies, and,
with the mountain slopes bared, floods and droughts will be aggra-
vated and the fertile lands below gullied, washed, and silted.

While at present these public reservations are under the Depart-
ment of the Interior, in the General Land Office, such close and
important relation between agricultural interests and forest condi-
tions suggests as a logical proposition the ultimate transfer of these
reservations and their administration to the Department of Agricul-
ture, which is charged with the cultural interests of the country, and
to which the technical problems involved in such administration have
already been referred by the creation of the Division of Forestry.
‘When such transfer is effected, not only will the Department of Agri-
culture, and with it the farming community, gain in prestige, but the
farming and forestry interests by being under the same adminis-
trative head will find increased relation to each other.

DIVISION OF AGROSTOLOGY.
By F. LAMSON-SCRIBNER, Agrostologist. »

INTRODUCTION.

There is no line of work more intimately connected with the agricul-
tural interests of the country than that pertaining to investigations
of grasses and forage plants. .

Let us consider for a moment the actual cash value of grasses.
Grasses are 8o common, growing everywhere in meadows and waste
places, upon hillsides and plains, covering the bare places of the
earth with their myriad hosts of individual plants, that we are apt to
forget their vast significance in the economy of nature, and that they
constitute the greatest of our agricultural resources and form the
very foundation upon which rests all our agricultural wealth and
prosperity. According to estimates of the Division of Statistics the
hay crop of 1896 alone amounted to 60,000,000 tons, valued at nearly
$400,000,000, exceeding by a third the total value of the wheat crop.
In addition to this vast quantity of hay, which would barely suffice to
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carry through the year the 16,000,000 milch cows owned in the United
States, enough pasturage, fodder, and green forage were supplied to
feed 37,000,000 sheep, 30,000,000 cattle, 14,000,000 horses, and 2,000,000
mules. .A conservative estimate places the total annual value of the
grass and forage crops of this country at more than $1,000,000,000.

Among the great nations of the world, ours has been the first to
give official recognition to the importance of these crops by estab-
lishing in the Department of Agriculture a Division of Agrostology,
especially devoted to working out grass problems. The law estab-
lishing this division authorizes investigations in the natural history,
geographical distribution, and uses of the various grasses and forage
plants, their adaptability to special soils and climate, and the prepara-
tion of bulletins and monographs upon this group of plants. The
work has been laid out on broad lines, embracing the practical and
scientific sides, making the work of interest both to the farmer and
the botanist. It thus becomes the duty of this division to afford the
people information as to the habits and uses of all these plants and
to introduce into cultivation, through ecarefully conducted experi-
ments, promising native and foreign kinds. During the past year
6,000 trial packages of seeds from collections made by the division
have been distributed, more than 3,000 grasses have been identified
for correspondents, and replies to more than 600 inquirers, relative
to the methods of cultivation, uses, and feeding value of grasses,
have been prepared.

ABUNDANCE OF NATIVE GRASSES.

No other country has so large a number of useful grasses and
forage plants as our own. We have 60 native species of clover,
70 blue grasses, 25 gramas and curly mesquite grasses, which have
produced more beef and mutton than all the cultivated hay grasses
put together, 90 lupines, 20 wild beans, 40 vetches and an equal
number of beggar weeds, 20 kinds of wild rye, 30 kinds of brome
grasses, one nearly identical with that recently imported from Russia,
and meadow, pasture, woodland, and swamp grasses without num-
ber, each kind adapted to a particular soil or climate and -to some
special use. There is a wild millet on the South Atlantic Coast which
grows from 6 to 10 feet high. There are wild perennial beans in the
Southwestern mountains growing luxuriantly with only 20 inches
annual rainfall, and many of them far surpass in productiveness and
value for forage those which have come to us from foreign lands
through importation by seedsmen. There are free-seeding wheat
grasses in the Northwest, in many species, which equal the best of
our hay grasses, and in the mountain parks we find green turf which
rivals in fineness and beauty the best artificial lawns. In all this
wealth of varieties, unequaled in any foreign land, there is abun-
dant opportunity for selection of good kinds adapted to every soil and

1 A97—-11
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climate or purpose. These grasses and forage plants are here already,
and here because the soil and climatic conditions favor their growth;
our work chiefly lies in determining which are the best kinds, and
to which condition or purpose the several kinds are best-adapted.
We ought to foster and extend the propagation of these native
sources of wealth—these forage plants which, because of their abun-
dance, landowners have been thoughtlessly destroying for the past
hundred years or more.

There are other lines in which the grasses are of commercial
importance. They are used as fiber in the manufacture of binding
twine or paper; they are used in making hats and many other arti-
cles of woven work. They are planted to subdue or bind the drifting
sands of the seashore, to hold the soil of railway embankments, to
prevent the washing out of dikes and levees, and to aid in reclaiming
fields denuded of their soil by torrential rain. Through the agency
of their growth and decay the fertile prairie loams have been formed;
they are the forerunners which nature sends to cover the bare sur-
faces and to lessen the sterilizing effect of heat and drought. Not all
grasses have value as forage, but we can not doubt that all serve
some humble purpose in the economy of nature.

The work of this division is, then, of direct value to every farmer
who is interested in the production of better forage and more of it.
If forage crops can be discovered which by their superior feeding
value or productiveness will lessen the cost of growing meats and
animal products, by ever so little, the aggregate gain to the agricul-
tural wealth of the nation would many times repay the sum now
appropriated to carry on this work in the national Department of
Agriculture.

DEPARTMENTAL TESTS FOR VARIETIES.

- Tests of forage plants can best be carried on by the Department of

Agriculture. It can better afford to make the initial distribution
of seeds and continue doing so until the particular grass or forage
plant is sufficiently well known to be supplied by private growers.
The bulfalo grass, or curly mesquite, is a grass that deserves more
attention than it has received. Its habit of growth is similar to Ber-
muda, but it is suited to cultivation on a greater range of soils from
the Gulf to the Canadian border. There is no turf-forming pasture
grass that excels it in palatability and digestibility.

The seeds of native grasses and forage plants collected during the
season of 1896 included some 135 different kinds, which were distrib-
uted to agricultural experiment stations, chiefly those west of the
Mississippi, to correspondents of the division interested in the work,
and to numerous botanical gardensin this and foreign countries. The
distribution to foreign countries has resulted in bringing into the
hands of the division a number of interesting forage plants which have
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been experimentally cultivated here, and this number will be largely
increased in the course of time.

GRASS GARDENS.

In addition to the distribution of seeds for trial at various pointsin
this and other countries, the division has undertaken the cultivation
of these plants in grass gardens under its own management. One of
these gardens is located upon grounds of the Department (see frontis-
piece), and, although covering a very limited area, has afforded during
the season an object lesson in grass culture of unusual interest.
More than 500 varieties of grasses and forage plants from all parts of
the world have been grown here, the varieties included representing
not only those which may be purchased from seedsmen, but also those
which have been gathered by the field agents of the division, and
many that have come from Europe, from northern Africa, from Asia,
and from Australia. Those from Australia are of special interest, as,
for the most part, they represent forage plants from warm, arid
regions where conditions prevail like those in our Southwestern Ter-
ritories. A large assortment of leguminous plants, including clovers,
vetches, cowpeas, soy beans, and alfalfa, have been cultivated with
success in this garden, also numerous varieties of sorghum, Kafir corn,
that wonderfully productive plant teosinte from Chiapas, Mexico,
which is a peculiarly valuable plant for the Southern States, and curly
mesquite and the buffalo grasses, unrivaled pasture grasses of the great
cattle ranges of the West and Southwest. In addition to this,a num-
ber of grasses have been grown with a view of exhibiting their quali-
fications as lawn grasses, and some of these have been marked sub-
jects of interest. Anyone who has seen these plats will not hesitate
to assert that most satisfactory lawns are to be obtained by pure
cultures of single varieties of grass. The most pleasing, and appar-
ently the best suited for lawn making, are Kentucky blue grass, the
fine-leafed forms of creeping bent, Rhode Island bent, and some of
the fine-leafed fescues.

A walk through the garden at Washington, D. C., will prove instruec-
tive. Here isa little square of saltbush from the Queensland Downs;
beside it a pure culture of an alpine fescue from Switzerland; there
some curly mesquite grass from Texas; a bit of lawn grass from Korea;
““ankee” grass from southern California, roasted seeds of which are
used as food by the Indians; marram, or beach grass, from Cape Cod,
where many acres of this grass have been successfully planted to pre-
vent the drifting of the sands; giant-seeded cuzco corn from Peru; a
10-foot-high millet from the islands at the mouth of Chesapeake Bay;
broom from Scotland; millets from India; soy beans from Japan; a
dozen little plats of turf that represent as many lawn grasses, each
showing what it can do when grown by itself, and over two hundred
grasses from the Western plainsand prairies. This collection of forage
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plants and grasses presents an object lesson of peculiar interest and
~ value. Here isa living collection of the important forage plants of all
countries; their individual characters and habits can be studied better
than in the finest illustrated or best written books, and here also may
be noted their adaptability to local conditions. In this garden, small
a8 it is, are combined the elements of a turf garden, a hay garden, a
clover garden, and, to a certain extent, a botanical garden of grasses,
for it contains many species of only botanical interest, each forming,
as it were, an interesting chapter in a book thus made complete.

Another grass garden under the supervision of the division is locat-
ed at Knoxville, Tenn. This garden covers an area of several acres,
and experiments are there conducted upon a larger and more practical
scale than can be carried on within the small area allotted to this
work upon the Department grounds.

VALUABLE RESULTS OF EXPERIMENTS.

It has already been settled by experiments carried on by the divi-
gion that a number of species which many have asserted would not
submit to cultivation may be easily propagated under the same con-
ditions which favor the growth of tame varieties. This is markedly
true of such grasses as the curly mesquite, and true buffalo grass, and
the grama grass of the Southwestern plains, grasses especially adapted
to the semiarid regions of the West, which in former times afforded
nutritious grazing to vast herds of cattle, and which still in some sec-
tions afford the chief and most nutritious forage of the now somewhat
limited ranges.

PUBLICATIONS AND CORRESPONDENCE.

Information has been disseminated by correspondence in answer
to letters of inquiry requesting information upon a great variety of
topics. relative to grasses and grass culture. The naming of speci-
mens sent in for identification forms no inconsiderable feature in the
work of the division, requiring the use of a herbarium which con-
tains 30,000 specimens. The publication of bulletins upon the sub-
jects under investigation serves to disseminate and popularize a
knowledge of the grasses and forage plants of our country. A num-
ber of technical bulletins have been published, and among those of a
practical nature may be mentioned Bulletins Nos. 2 and 3 of the
division, describing nearly all known economic species of grasses and
forage plants; Farmers’ Bulletins on alfalfa, on sorghum as a forage
plant, on soy bean, on the formation of meadows and pastures in the
middle Eastern States, and numerous’ papers published in the Year-
books of the Department, among which may be mentioned ‘‘ Grasses
as sand and soil binders,” ‘“ Cowpea,” ‘“Grass gardens,” and ‘‘The
cultivation-of timothy in the prairie regions.” One of the bulletins
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which has been in greatest demand is ‘‘ American grasses,” containing
illustrations of 302 different kinds of grasses. Engravings for illus-
trating 300 additional species have been prepared and will soon be
published.

FIELDWORK.

In order to supply correct information as to the best forage crops
for meeting the needs of the various sections and climatic divisions
of the United States, the soils, temperature, and rainfall must be
studied, and the character, habits, and probable value of the grasses
and forage plants native to the several regions must be investigated
by direct observation. With the view of meeting these requirements
the Secretary of Agriculture has undertaken the thorough field inves-
tigation of the grasses and forage plants of several grand divisions of
our territory, where stock raising is of primary importance, through
details from the division force or by the employment of local or spe-
cial agents. All field observers have been instructed to collect not
only illustrative specimens of the grasses and forage plants coming
under their observation for preservation and future study, but also
to gather liberal supplies of seeds of the more promising kinds for
further propagation or experimental cultivation. A large collection
of seeds of some of the native forage plants of New Mexico and Wyo-
ming have been acquired during the season of 1897 and are being
prepared for distribution. It is hoped by this means to find some
kinds which can be used to advantage in the arid districts to reclaim
the worn-out ranges and to grow as crops to be used when the pas-
turage is short.

The demand for new and improved forage plants which will grow
and thrive on Western farms and ranches is constantly increasing,
and it is of the first importance that the valuable grasses that are
disappearing from the prairies and cattle ranches as a result of over-
stocking should be preserved and the possibilities of their cultivation
and restoration determined.

The field agents in the West have been directed to secure all pos-
gible information in regard to the cattle and sheep ranges, both by
direct observation and by consultation with prominent stock owners;
to study the effects of drought and overstocking and the methods to be
employed in restoring the ranges to their former or normal condition,
and to note, so far as circumstances permitted, the nature and habits
of those grasses and forage plants best suited for hay or pasturage.

FORAGE PLANT INVESTIGATIONS IN THE NORTHWEST.

For the past three years the division has been engaged in a sys-
tematic study of the various forage problems of the eastern Rocky
Mountain region, including more especially the States of Colorado,

‘Wyoming, and Montana. During the summer of 1895 two field agents



166 YEARBOOK OF THE DEPARTMENT OF AGRICULTURE.

made a preliminary survey of the region, visiting various points in
Colorado, Wyoming, Utah, Idaho, and Montana, making collections
of seeds and herbarium specimens of grasses and forage plants and
gathering information regarding the forage conditions and needs of
the different parts of the region.

Acting upon the information thus gained, more detailed investiga-
tions wers planned for the season of 1896. One agent was sent to
central Montana for making a careful study of the conditions pre-
vailing in that district, two were sent to central and southern Colo-
rado for a similar purpose, and a member of the division force was
sent out on a tour of inspection, to advise with the field agents, and
to obtain a personal knowledge of the region, in order to be able to
carry on the investigations in the most intelligent and practical
‘manner possible.

During the summer of 1897 three field agents have been employed,
working chiefly in western South Dakota, Wyoming, and southwestern
Colorado, and one member of the division force spent nearly three
months in the field, principally in Wyoming, southeastern Idaho, and
northeastern Utah. In addition to visiting localities easily accessible
from the railroad, our field agents and assistants have made extensive
wagon trips into newly-settled and little-known localities, covering
several thousand miles of territory and obtaining much valuable infor-
mation regarding the conditions, needs, and future possibilities of the
places visited. This information consists of data concerning soil and
climatic conditions as related to forage problems, present condition
of the ranges and means of improving them, best methods of growing
grasses and forage crops both native and introduced, distribution
and value of native grasses and forage plants, and other questions
pertaining to forage production.

In these investigations every effort is being made to get into the
closest possible touch with the farmers, stock raisers, and dairymen,
and, through correspondence and personal conference, to secure their
cooperation in the work. The results thus far have been gratifying.

One of the first things made apparent in the course of the work
was the fact that under the conditions prevailing at present over a
. large part of the Northwest as much good can be done by preserving
and improving many of the native grasses and forage plants as by
the introduction of foreign sorts. The results already obtained cer-
tainly favor increased efforts in this direction.

NATIVE GRASSES FOR ARID LANDS,

Among the most promising native grasses for the Northwest are
several kinds of wheat grasses, three of which are worthy of extended
trial, namely, Western wheat grass (Agropyron spicatum), Western
quack grass (Agropyron pseudorepens), and slender wheat grass
(Agropyron teneruri). In a number of instances these have been
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used to reclaim worn-out native pastures with good resulits, and all
seem to improve rapidly under cultivation. Throughout a large por-
tion of this region these grasses form a good meadow sod in a very
short time after the unbroken land has been brought under irrigation.
‘Wheat grass, or ‘“blue-stem ” hay, is the most highly valued of all the
native sorts. Many farmers break up the sod and let the grass come
back again, claiming that they get a cleaner, more even, and more
permanent sod, well worth the extra labor given to it. Among other
grasses that may be mentioned as deserving extended trial on the
range are bunch grass (Poa buckleyana), prairie June grass (Koeleria
cristata),upland blue grass( Poa arida), grama( Bouleloua oligostachya),
and sheep fescue (Festuca ovina). Prairie June grass and upland
blue grass are both valuable for early pasturage, which is greatly
needed over a large part of this region. The prairie June grass is
short lived, but it thrives on a great variety of soils, starts well from
the seed, fruits abundantly, and the seed is easily saved. It can often
be used to advantage on native pastures for early grazing, allowing
the later, more slowly developing, but more permanent grasses to get
started before being eaten down by the stock. There are also a
number of native grasses that could undoubtedly be successfully cul-
tivated in meadows and pastures at comparatively high altitudes.
Some of the most promising of these are mountain foxtail (4lopecurus
occidentalis), mountain timothy (Phleum alpinum), Western brome
grass (Bromus pumpellianus), short-awned brome grass (Bromus
breviaristatus), and several kinds of mountain blue grass (Poa spp.),
buffalo bunch grass (Festuca scabrella), and rough-leafed bent grass
(Agrostis asperifolia).

VALUE AS FORAGE OF SO-CALLED WEEDS.

In certain parts of the eastern Rocky Mountain region there are
many plants usually classed as weeds, but which are really of great
value for forage. These plants are sufficiently hardy to endure the
extreries of drought that prevent the development of the valuable
grasses, and many of them thrive on soil so strongly impregnated
with alkali as to entirely preclude the growth of the latter. Asa con-
sequence, there are thousands of acres of range on which the forage
is composed very largely, often mnearly exclusively, of white sage
(Artemisia spp.), green sage (Bigelovia spp.), sweet sage, or winter
fat (Hurotia lanata), salt sage (Atriplex spp.), and grease wood (Sar-
cobatus vermiculatus). Several of these, particularly sweet sage and
three of the salt sages (Atriplex canescens, A. confertifolia, and A.
argentea), could without doubt be profitably grown under cultivation
and with a little care be made to produce a much larger amount of
forage than is mow obtained. There are several of the leguminous
forage plants native to this region that deserve the attention of the
agriculturist, notably the Montana bush pea (7'hermopsis montana),
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the wild vetches (Lathyrus spp., Lotus americana, and Vicia spp.),
and several wild clovers (Trifoléum beckwithit, T. megacephalum, and
T. longrpes).

Of the introduced grasses, smooth, or Hungarian, brome grass is
giving the best results on the dry prairies of the Northwest, and the
seed of this grass has been sent out to a large number of farmers and
stockmen in this region for trial. Reports from those who have
experimented with it are quite encouraging. It is hoped that it will
prove valuable to use in connection with the native grasses in reclaim-
ing worn-out pastures and ranges.

CHANGING CONDITIONS IN GRAZING LANDS.

With but few exceptions, the ranges of the Northwest have been
overstocked, and this, together with drought and other unfavorable
conditions that have generally prevailed during recent years, has
resulted in a great decrease in their stock-carrying capacity. At the
present time the ranges are improving considerably through a more
abundant supply of moisture and the limited supply of cattle; but
this improvement will only be temporary unless some system of con-
trol is adopted for the grazing lands which will insure a more rational
treatment at the hands of the ranchers and stockmen. Another point
of vital importance on the ranges is the water supply for the stock.
In many instances ranges well supplied with forage have been ruined
through the grasses being destroyed by the trampling of the stock
going back and forth in search of water. In some localities, at least,
this trouble could undoubtedly be largely overcome by the construc-
tion of reservoirs for holding the water from melting snows and
spring rains that under present conditions mostly runs off and is lost.

Over a large portion of this region the conditions of stock raising
have changed very materially during the last five years.. The number
of large ranchers controlling immense numbers of cattle is rapidly
decreasing and the land along the streams and water courses is being
taken up by settlers and turned into farms and small stock ranges.
A considerable portion of the land is at once put under irrigation and
its forage-producing capacity increased many fold. Thus, in many
places in the Big Horn Basin in Wyoming, as along No Wood Creek
and Grey Bull River, land that five years ago produced little else
than sagebrush, now, under irrigation, gives excellent yields of oats,
wheat, rye, timothy, red top, alfalfa, and clover, and the ranchers
have no difficulty in raising plenty of winter forage for their stock.
However, in these same localities there are thousands of acres that
will probably never be used for anything but grazing, and here some
rational system of control of such lands seemsimperative. Under the
present system each rancher tries to get all the grazing he can from
the public lands; continual overstocking is the result, and the ranges
are given no opportunity to recuperate, whereas with a little care
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their stock-carrying capacity could be materially increased instead of
being continually diminished.

THE RED DESERT REGION OF WYOMING.

There are certain regions which, because of their peculiar geologi-
cal origin and the prevailing meteorological conditions, at the present
time seem destined to be of little value to man except as a pasture
for stock during a portion of the year. For this purpose, however,
some of these regions are of considerable importance, and in such
instances are worthy of investigation as to their present resources
and future possibilities. Such a region is the ‘‘ Red Desert of Wyo-
ming,” covering an area much larger than that of the State of Massa-
chusetts, in which salt sages predominate, and which, on aceount of
the absence of potable water, can only be used for winter range. It
is, topographically, a high, undulating plain, having an average eleva-
tion of 7,000 feet. The soil is poor in humus, and everywhere more or
less impregnated with various salts. The water of the region is charged
with minerals, sulphur, iron, and the alkalis predominating. The rain-
fall is scanty and irregular.

In spite of these disadvantages and the almost desert-like character
of the country, the Red Desert region is distinctively a stock region,
and supports through the winter and early spring months many
thousands of head of stock. The total number of sheep in the desert
during five months of the winter is estimated at from 300,000 to 500,000.
Native plants support these herds, and it is interesting to know what
they are. They must, upon the whole, be plants suited to arid regions
and strongly alkaline or sandy soils.

In